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(54) Charac^ter display apparatus, character display method, and recoiding medium 



(57) A character display apparatus of the present 
invention includes: a display device having a plurality of 
pixels; and a control section for controlling the display 
device. Each of the pixels includes a plurality of sub-pix- 
els arranged along a predeternnined direction. A corre- 
sponding one of a plurality of color elements is pre- 
assigned to each of the sub-pixels. The control section 
displays a character on the display device by independ- 
ently controlling the color elements respectively corre- 
sponding to the sub-pixels. 
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Description 

BACKGROUND OF THE INVENTION 

1 . FIELD OF THE INVENTION: 5 

[0001] The present Invention relates to a character 
display apparatus and a character display method capa- 
ble of displaying a character with a high definition using 
a color display de/ice, and a recording medium for use w 
with such apparatus and method. 

2. DESCRIPTION OF THE RELATED ART: 

[0002] For example, a conventional technique for is 
displaying a character on a display apparatus uses a dot 
font which is based on two binary values corresponding 
to black and white. In this conventional technique, the 
outline and inside of each character stroke is displayed 
in black and the renfiaining space is displayed in white, so 
[0003] As an improvement to the conventional dot 
font4Dased technique, another conventional technique 
(e.g., Japanese Laid-Open Publication No. 8-255254) 
uses a gray-scale font. In this conventional technique, a 
gray-scale area is provided around each black area. ss 
[0004] Figure 1 illustrates an outline of an ideal 
oblique line 1 02 which can be output on an output plane 
100 by using an output device with a very high resolu- 
tion. Such an oblique line may be used as a part of a 
character. 30 
[0005] Rgure 2 illustrates the oblique line 102 of 
Figure 1 being displayed on a 6x1 2-pixel display plane 
200 using the conventional dot font. Referring to Figure 
2, each hatched box represents a pixel displayed in 
black and each open box represents a pixel displayed in 3s 
white. 

[0006] In Figure 2. the oblique line 102 of Figure 1 
is displayed as a combination of four line segments, 
resulting In a substantial degree of jaggedness. There- 
fore, the shape (a part of a character) Illustrated in Fig- 40 
ure 2 cannot be viewed by a human eye as a smooth 
oblique line. Thus, a character displayed with the con- 
ventional dot font cannot be seen by a human eye as a 
well-defined character because jaggedness occurs 
along oblique lines or curves of the character. Particu- 45 
larly, when a character is displayed witii a small number 
of dots, a greater degree of jaggedness is observed. 
[0007] Rgure 3 illustrates the oblique line 102 of 
Figure 1 being displayed on a 6x1 2-pixel display plane 
300 using the conventional gray-scale font. Referring to so 
Figure 3. each level 3 box represents a pixel displayed 
in black, each level 2 box represents a pixel displayed in 
dark gray, each level 1 box represents a pixel displayed 
in light gray, and each level 0 box represents a pixel dis- 
played in white. 55 
[0008] Where each color element is controlled with, 
for example. 256 gray-scale levels, a black correspond- 
ing to level 3 is displayed by setting tiie brightness (R. 



G, B) of a color element (conesponding to one pixel of a 
color liquid crystal display apparatus) to (0. 0, 0). Simi- 
larly, dark gray corresponding to level 2 is expressed by 
(R. G. B)=(80, 80, 80), light gray corresponding to level 
1 is expressed by (R, G, B)=(160. 160, 160), and white 
corresponding to level 0 is expressed by (R, G, B)=:(255. 
255, 255). 

[0009] The shape (a part of a character) of Figure 3 
appears to have been improved in terms of jaggedness 
from that of Figure 2. This is because a gray correction 
is performed on a dot by dot basis. However, the con- 
ventional technique using the gray-scale font has the 
following problems: the dot-by-dot conectlon Is limited 
with a low resolution; and the outiine of the character or 
tile character itself may be blun-ed, or the blackness of 
the character may be non-uniform, because a gray color 
is used in and around a part of the outiine of the charac- 
ter. 

SUMMARY OF THE INVENTION 

[0010] According to one aspect of this invention, a 
character display apparatus includes: a display device 
having a plurality of pixels; and a control section for con- 
trolling the display device. Each of tiie pixels includes a 
plurality of sub-pixels an-anged along a predetermined 
direction. A corresponding one of a plurality of color ele- 
ments is pre-assigned to each of ttie sub-pixels. The 
control section displays a character on tiie display 
device by independently controlling tiie color elements 
respectively conesponding to tiie sub-pixels. 
[0011] In one embodiment of the invention, an 
intensity of each of the color elements is represented 
stepwise tiirough a plurality of color element levels. 
Each of the sub-pixels has one of the color element lev- 
els. The control section sets a color element level of at 
least one particular sub-pixel corresponding to a basic 
portion of a character to be displayed on the displ^ 
des^ice to a predetermined color element level, and sets 
a color element level of at least one other sub-pixel 
adjacent to the at least one particular sub-pixel corre- 
sponding to the basic portion of the character to a color 
element level other than the predetermined color ele- 
ment level. 

[001 2] In one embodiment of the invention, tiie con- 
trol section defines the basic portion of the character to 
be displayed on the display device based on an outline 
of a scaled character. 

[001 3] In one embodiment of the Invention, tiie con- 
trol section defines the basic portion of the character to 
be displayed on ttie display device based on skeleton 
data which represents a skeleton shape of the charac- 
ter. 

[001 4] In one embodiment of the invention, the con- 
ti-ol section scales the skeleton data according to a size 
of the character to be displayed on the display device, 
and adjusts a line width of tiie character after defining 
the basic portion of the character based on the scaled 
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skeleton data. 

[001 5] In one embodiment of the invention, the con- 
trol section sets the color element level of the at least 
one other subiDixel adjacent to the at least one particu- 
lar subiDixel corresponding to the basic portion of the s 
character to the color element level other than the pre- 
determined color element level based on at least one 
correction pattern. 

[001 6] In one embodiment of the invention, the con- 
trol section adjusts a line width of the character to be io 
displayed on the display device by selectively using one 
of the at least one correction pattern. 
[0017] In one embodiment of the invention, the at 
least one correction pattern is provided in advance 
according to a size of the character to be displayed on is 
the display device. 

[0018] In one embodiment of the invention, the at 
least one correction pattern is provided in advance so 
as to correspond to the skeleton data. 
[0019] In one embodiment of the invention, the at so 
least one correction pattern is provided for each Chi- 
nese character radical. 

[0020] in one embodiment of the invention, the at 
least one correction pattern is provided in advance 
according to the number of strokes of the skeleton data. 25 
[0021] In one embodiment of tiie invention, the at 
least one con-ection pattern is provided in advance 
according to an inclination angle of a stroke of the skel- 
eton data. 

[0022] In one embodiment of the invention, tine at 3o 
least one con-ection pattern is provided in advance 
according to a distance between two portions of the 
basic portion of the character. 
[0023] In one embodiment of the invention, where 
an arrangement of the at least one particular sub-pixel as 
con-esponding to the basic portion of the character 
forms a particular pattern, the control section connects 
the color element level of the at least one particular sub- 
pixel corresponding to the basic portion of the character 
so as to divide the basic portion of the character into at 40 
least two portions. 

[0024] In one enr^odiment of the invention, the skel- 
eton data includes stroke information associated with 
each stroke. The control section sets the color element 
level of the at least one sub-pixel to the color element 4s 
level other tiian the predetermined cobr element level 
according to a shape of the stroke. 
[0025] In one embodiment of the invention, the skel- 
eton data includes stroke information associated with 
each stroke. The control section sets the color element so 
level of the at least one sub-pixel to the color element 
level other than the predetermined cotor element level 
based on a typeface attribute table which defines a fea- 
ture of the typeface of the character in association with 
the stroke information. ss 
[0026] In one embodiment of the invention, a plural- 
ity of typeface attribute tables are provided which define 
the feature of the typeface of the character in associa- 



tion with the stroke information. The control section sets 
the color element level of the at least one subisixel to 
the color element level other than the predetermined 
color element level based on one of the typeface 
attribute tables which is selectively used according to a 
size of the character. 

[0027] In one emt>odiment of the invention, the con- 
trol section sets a color element level of at least one 
sub-pixel adjacent in the predetermined direction to the 
at least one particular sub-pixel corresponding to the 
basic portion of the character to a color element level 
otiier than the predetermined color element level. 
[0028] In one embodiment of the invention, the con- 
trol section sets a color element level of at least one 
subi3ixel adjacent in a direction perpendicular to tiie 
predetermined direction to the at least one particular 
sub-pixel corresponding to tiie basic portion of the char- 
acter to a color element level otiier than the predeter- 
mined color element level. 

[0029] In one embodiment of the invention, the con- 
ti-ol section adjusts a line width of the character to be 
displayed on the display device by controlling the 
number of sub-pixels con-esponding to tiie basic portion 
of the character. 

[0030] In one embodiment of the invention, the con- 
trol section adjusts a line width of the character to be 
displayed on the display device by conf oiling a color 
element level of a sub-pixel adjacent to the at least one 
particular sub-pixel con-esponding to tiie basic portion 
of the character. 

[0031 ] In one embodiment of the invention, the con- 
trol section renders a feature of a typeface of the char- 
acter to be displayed on the display device by controlling 
a color element level of a sub-pixel adjacent to the at 
least one particular sub-pixel corresponding to the basic 
portion of tiie character. 

[0032] In one embodiment of the Invention, tiie con- 
trol section sets the color element level of one or more 
of the at least one particular sub-pixel corresponding to 
the basic portion of tiie character to be displayed on tiie 
display device to a color element level other than the 
maximum color element level. 

[0033] In one embodiment of the invention, tiie con- 
trol section sets the color element level of tiie at least 
one particular sub-pixel corresponding to the basic por- 
tion of tiie character based on a basic portion table. 
[0034] In one embodiment of the invention, tiie con- 
trol section sets the color element level of tiie at least 
one sub-pixel arranged in the vicinity of the at least one 
particular sub-pixel based on predetermined cotor ele- 
ment level Information which is used to determine the 
color element level of the at least one sub-pixel 
arranged in the vicinity of tiie at least one particular sub- 
pixel corresponding to tiie basic portion of the character 
to be displayed on the display device. 
[0035] In one embodiment of the Invention, the 
character to be displayed on the display device has a 
color that is an achromatic color. 
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[0036] In one embodiment of the invention, the con- 
trol section variably adjusts an interval between charac- 
ters by performing a sub-pixel by subiDixel control on a 
position of the character to be displayed on the display 
device. 5 
[0037] In one embodiment of the invention, the con- 
trol section converts the color element level of the sub- 
pixel to a brightness level based on a predetermined 
brightness table which defines a relationship between 
the color element level of the sub-pixel and the bright- io 
ness level of the sub-pixel. 

[0038] In one embodiment of the invention, the 
brightness table is prepared so as to be suitable fbr a 
display characteristic of the display device. 
[0039] In one embodiment of the invention, the con- is 
trol section displays a character while rotating the sub- 
pixel arrangement by 90 degrees. 
[0040] In one embodiment of the invention, the dis- 
play device is a liquid crystal display device. 
[0041] In one emkx>diment of the invention, the liq- so 
uid crystal display device Is a stripe-type liquid crystal 
display device. 

[0042] According to another aspect of this inven- 
tion, a character display method for displaying a charac- 
ter on a display device having a plurality off pixels is 2S 
provided. Each of the pixels includes a plurality of sub- 
pixels arranged along a predetermined direction. A cor- 
responding one of a plurality of color elements is pre- 
assigned to each of the sub-pixels. The method 
includes the step of displaying a character on the dis- 3o 
play device by Independently controlling the color ele- 
ments respectively con-espondlng to the sub-pixels. 
[0043] According to still another aspect of this 
invention, a recording medium which can be read by an 
information display apparatus is provided. The appara- 3s 
tus includes a display device having a plurality of pixels 
and a controlling section for controlling the display 
device. Each of the pixels includes a plurality of sub-pix- 
els arranged along a predetermined direction. A corre- 
sponding one of a plurality of color elements is pre- 4o 
assigned to each of the sub-pixels. The recording 
medium has recorded thereon a program for instructing 
the control section to perform an operation of displaying 
a character on the display device by Ind^endeniy con- 
trolling the color elements respectively corresponding to 4S 
the sub-pixels. 

[0044] The function of the present invention will now 
be described. 

[0045] According to the present invention, a plural- 
ity of color elements respectively corresponding to a so 
plurality of sub-pixels are independently controlled. 
Therefore, it is possible to perform a sub-pixel by sub- 
pixel control which is finer than the conventional pixel by 
pixel control. Moreover, by appropriately controlling the 
color element of a sub-pixel in the vicinity of a sub-pixel ss 
con-espondlng to the basic portion of the character, 
colors of the character other than black can be made 
less conspicuous to a human eye. As a result, not only 



the outline of the character but also the character itself 
can be displayed with a high definition on a display 
device. 

[0046] Moreover, according to the present inven- 
tion, the basic portion of a character is defined based on 
skeleton data which represents the skeleton shape of a 
character. The color element level of a sub-pixel corre- 
sponding to the basic portion of the character is set to a 
predetermined color element level. Based on at least 
one correction pattern (or "transition pattern"), the color 
element level of a sub-pixel adjacent to the sub-pixel 
corresponding to the basic portion of the character is 
set to a color element level other than the predeter- 
mine color element level. By independently controlling 
the color element levels of sub-pixels in this manner, it Is 
possible to perform a sub-pixel by sub-pixel control 
which is finer than the conventional pixel by pixel con- 
trol. As a result, it is possible to virtually increase the 
resolution of a character. Moreover, by appropriately 
controlling the color element level of a sub-pixel aclja- 
cent to a sub-pixel corresponding to the basic portion of 
the character, colors of the character other than black 
can be made less conspicuous to a human eye. As a 
result, not only the outline of the character but also the 
character itself can be displayed with a high definition 
on a display device. 

[0047] Furthermore, according to the present inven- 
tion, the color element level off at least one particular 
sub-pixel corresponding to the basic portion of a char- 
acter to be displayed on the display device is set to a 
predetermined color element level, while at least one of 
sub-pixels which is adjacent to the particular sub-pixel 
in a direction perpendicular to tfie sub-pixel an^nge- 
ment direction is set to have a color element level other 
than the predetermined color element level. By inde- 
penderrtly controlling the color element levels of sub- 
pixels in this manner, it is possible to perform a sub-pixel 
by sub-pixel control which is finer than the conventional 
pixel by pixel control. As a result, it is possible to virtually 
increase the resolution of a character. Moreover, by 
appropriately controlling tfie color element level of a 
sub-pixel adjacent to a sub-pixel corresponding to the 
basic portion of the character, colors of the character 
other than black can be made less conspicuous to a 
human eye. As a result, not only tiie outiine of the char- 
acter but also the character itself can be displayed witii 
a high definition on a display device. 
[0048] Thus, ttie invention described herein makes 
possible the advantages of: (1) providing a character 
display apparatus capable of displaying a character witii 
a high definition using a color display device; (2) provid- 
ing a character display method capable of displaying a 
character with a high definition using a color display 
device; and (3) a recording medium fbr use with such 
apparatus and method. 

[0049] These and otiier advantages of the present 
invention will become apparent to those skilled in the art 
upon reading and understanding tiie following detailed 
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description with reference to the accompanying figures. of the sub-pixel; 



BRIEF DESCRIPTION OF THE DRAWINGS 

[0050] 5 

Figure 1 illustrates an outline of an ideal oblique line 
102; 

Figure 2 illustrates the oblique line 102 of Rgure 1 io 
being displayed on a display plane 200 using a oon- 
ventlonaf dot font; 

Figure 3 Illustrates the oblique line 102 of Figure 1 
being displayed on a display plane 300 using a con- is 
ventional gray-scale font; 

Figure 4 schematically illustrates a display plane 
400 of a display device 10 (Figures ISA to 15E) 
which can be used with a character display appara- 20 
tus la of the present invention; 

Figure 5 illustrates the oblique line 102 of Rgure 1 
being displayed on the display plane 400 of the dis- 
play device 10; 25 

Figure 6 illustrates the oblique line 102 of Rgure 1 
being displayed on the display plane 400 of the dis- 
play device 10 to be narrower than that illustrated in 
Figure 5; 30 

Figure 7 illustrates the oblique line 102 of Rgure 1 
being displayed on the display plane 400 of the dis- 
play device 10 to be wider than that illustrated in 
Figure 5; 35 

Figure 8 illustrates font data of a Japanese charac- 
ter 



which is designed based on the character display 
principle of the present invention; 

Figure 9 illustrates a brightness table 92 which 
defines the relationship between the color element 
level of a sub-pixel and the brightness level of the 
sub-pixel; 

Figure 10 illustrates another brightness table 94 
which defines the relationship between the color 
element level of a sub-pixel and the brightness level 
of the sub-pixel: 

Figure 1 1 illustrates still another brightness table 96 
which defines the relationship between the color 
element level of a sub-pixel and the brightness level 



40 



45 



SO 



55 



Rgure 12 illustrates font data of a Chinese charac- 
ter 



which is designed based on the character display 
principle of the present invention; 

Rgure 13 illustrates an ideal oblique line 104 being 
displayed on the display plane 400 of the display 
device 10; 

Rgure 14 illustrates the ideal oblique line 104 of 
Rgure 1 3 being displayed on the display plane 400 
of the display device 10; 

Rgure 1 5A illustrates a structure of a character dis- 
play apparatus la according to Embodiment 1 of 
the present invention; 

Rgure 15B illustrates a structure of a character dis- 
play apparatus lb according to Embodiment 2 of 
the present invention; 

Rgure 1 5C illustrates a structure of a character dis- 
play apparatus 1c according to Embodiment 3 of 
the present invention; 

Rgure ISO illustrates a structure of a character dis- 
play apparatus Id according to Emtxxliment 3 of 
the present invention; 

Rgure 15E illustrates a structure of a character dis- 
play apparatus 1e according to Embodiment 3 of 
the present Invention; 

Rgure 16 illustrates a structure of character outline 
infbrmation 42a; 

Rgure 17A illustrates a structure of color element 
level infbrmation 42b; 

Rgure 17B illustrates an sample of the color ele- 
ment level infbrmation 42b; 

Rgure 18 illustrates a procedure for processing a 
character display program 41a; 

Rgure 19 illustrates how to determine the color ele- 
ment level of each sub-pixel arranged in the vicinity 
of a sub-pixel which corresponds to the basic por- 
tion of a character; 

Rgure 20 illustrates font data of a Japanese char- 
acter 
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which is designed based on the character display 5 
principle of the present Invention, with the ideal out- 
line of the Japanese character 

10 



being superinposed thereon; 

Rgure 21 schematically illustrates the display plane is 
400 of the display device 1 0 which can be used with 
the character display apparatus lb of the present 
invention; 

Figure 22 illustrates a structure of skeleton data 20 
42d; 

Rgure 23 illustrates an example of the skeleton 
data 42d representing the skeleton shape of a Chi- 
nese character 35 

30 

Figure 24 illustrates an example of the skeleton 
data 42d representing the skeleton shape of the 
Chinese character 

35 

as shown on a coordinate plane; 

40 

Rgure 25 Illustrates a structure of a con-ection table 
2060; 

Rgure 26 illustrates a structure of a brightness 
table 2070; 45 

Rgure 27 illustrates a structure of a brightness 
table 2080; 

Rgure 28 illustrates a structure of a brightness so 
table 2090: 

Rgure 29A is a flow chart illustrating a procedure 
for processing a character display program 41b; 

55 

Rgure 29B is a flow chart illustrating a procedure 
for processing a character display program 41c; 



Figure 29C is a flow chart illustrating a procedure 
for processing a character display program 41 d; 

Figures 30A and SOB illustrate how to determine 
the color element level for sub-pixels arranged adja- 
cent to the left side of a subisixel which corre- 
sponds to the basic portion of a character; 

Figures 31 A and 318 illustrate how to determine 
the color element level for sub-pixels arranged adja- 
cent to the right side of a sub-pixel which con-e- 
sponds to the basic portion of a character; 

Rgure 32 illustrates an example where the color 
element levels of all of the sub-pixels of the display 
device 10 have been set; 

Rgure 33A illustrates a sub-pixel color element 
level an^angement for stroke #1 of the Chinese 
character 



Rgure 33B illustrates a sub-pixel color element 
level anrangement for stroke #2 of the Chinese 
character 



Rgure 33C illustrates a sub-pixel color element 
level an-angement for stroke #3 of the Chinese 
character 



Rgure 33D illustrates a sub-pixel color element 
level an-angement for stroke #4 of the Chinese 
character 



Rgure 34 illustrates an exemplary adjustment of 
the line width of a character by adjusting the width 
of the basic portion of a character on a sub-pixel by 
sub-pixel basis; 
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Figure 35 illustrates an exemplary adjustment of 
the line width of a character by adjusting a correc- 
tion pattern in a correction table 42e; 

Figure 36 illustrates a structure of a con-ection table s 
2170: 

Figure 37 illustrates a structure of a correction table 
2180: 

10 

Figure 38 Illustrates a generation of a character pat* 
tern based on the skeleton data 42d; 

Figure 39 illustrates a correction of the basic por- 
tion of a character where scaled skeleton data 2201 is 
represents an obliquely-extending straight line; 

Figure 40 illustrates a structure of a correction table 
2210: 

so 

Figure 41 illustrates an example where the color 
element levels of the sub-plxeis corresponding to 
the Chinese character 




Figure 49 illustrates a typeface attribute table 3600 
con^esponding to the Chinese character 



Rgures 50A to 50G illustrate an exemplary 
arrangement of an auxiliary pattern and a correc- 
tion pattern for a vertical stroke: 

Rgures 51 A to 51 C illustrate an exemplary 
arrangement of an auxiliary pattern and a correc- 
tion pattern for a horizontal stroke: 

Rgures 52A to 520 illustrate an exemplary 
arrangement of an auxiliary pattern and a correc- 
tion pattern for stroke #1 of the Chinese character 



25 



are set; 

Rgure 42 illustrates a structure of a conrection table 3o 
2230: 



Rgures 53A to 53C illustrate an exemplary 
arrangement of an auxiliary pattern and a correc- 
tion pattern for stroke #4 of the Chinese character 



Figure 43 illustrates an example where the color 
element levels of sub-pixels corresponding to a Chi- 
nese character as 



to be used as a "hen** radical (i. e. . a component of a 4o 
Chinese character) are set; 

Figure 44 illustrates a structure of a con-ection table 
2250; 

45 

Figure 45 illustrates a structure of a correction table 
2260; 

Figure 46 illustrates a structure of a connection table 
2270: so 



Rgure 54A illustrates an exemplary arrangement of 
an auxiliary pattern and a correction pattern for the 
vertical stroke and the horizontal stroke of the Chi- 
nese character 



Rgure 54B illustrates an example where auxiliary 
patterns and conrection patterns are arranged for 
strokes #1 -#4 of the Chinese character 



Figure 47 illustrates an example where an appropri- 
ate correction pattern is selectively used according 
to the distance between two portions of the basic 
portion of a character: ss 

Figure 48 illustrates a structure of a typeface 
attribute table 42f; 



based on a typeface attribute table. 

Rgure 55 illustrates a structure of the typeface 
attribute table 42f which is used in the case where 
one of a plurality of typeface attribute tables is 
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selectively used according to the selected charac 
ter size; 
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of the typeface of the Chinese character 



Rgure 56 illustrates a structure of each of typeface 
attribute tables #1 -IfS for the Chinese character s 



is added to the 40x40<lot Chinese character 



Figure 57A Illustrates the coior element levels set 
for the respective sub-pixels in the case where the 
Chinese character 
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shown in Rgure 58A by using the typefece attribute 
table #3; 

Rgure 58C illustrates an example where the feature 
of the typeface of the Chinese character 



is displayed in a size of 32 dots x 32 dots; 

Rgure 57B illustrates an example where the feature 
of the typefoce of the Chinese character 



is added to the 32x32<lot Chinese character 



20 



25 



30 



Shown in Rgure 57A by using the type^ce attrO^ute 
table #2; 

Rgure 570 illustrates an example where the feature 3S 
of the typefoce of the Chinese character 



is added to the 32x32-dot Chinese character 



40 



45 



shown In Rgure 57A by using the typeface attribute 
table #1 ; 

Rgure 58A illustrates the color element levels set 
for the respective sub-pixels in the case where the so 
Chinese character 



is added to the 40x40<lot Chinese character 

shown in Rgure 58A by using the lypefece attribute 
table #1: 

Rgures 59A to 59D illustrate an exemplary method 
for smoothly adjusting the width of a vertical line 
(basic portion) of a character by placing various 
correction patterns along the respective sides of the 
basic portion of the character; 

Rgures 60Ato 600 illustrate an exemplary method 
for smoothly adjusting the width of a horizontal line 
(basic portion) of a character by placing various 
correction patterns along the respective sides of the 
basic portion of the character; 

Rgures 61 A to 61 C Illustrate an exemplary method 
for smoothly adjusting the width of a horizontal line 
(basic portion) of a character by adjusting the color 
element level of each sub-pixel along the upper 
side of the basic portion of the character; 

Rgure 62A illustrates a structure of a baste portion 
table 42g; 

Rgure 62B illustrates a structure of a basic portion 
table 3700 corresponding to a Chinese character 



is displayed in a size of 40 dots x 40 dots; 

Rgure 58B illustrates an example where the feature 



55 



to be used as a "hen" radical; 

Rgure 63 illustrates a structure of skeleton data 
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3800 representing the skeleton shape of the "hen" 
radical of the Chinese character 



6 



is set to level 5 or level 6 based on the basic portion 
table 3900; and 



Rgure STB illustrates an example where a correc- 
tion pattern (4. 2. 1) or (5. 2, 1) is placed on the left 
side and the right side of the basic portion of the 
character. 



Figure 64 illustrates the skeleton data 3800 repre- 
senting the skeleton shape of the "hen" radical of 
the Chinese character 



as shown on a coordinate plane: 

Figure 65A illustrates an example where the color 
element level of each sub-pixel of the basic portion 
corresponding to the "hen** radical of the Chinese 
character 



is set to level 7. with correction patterns being 
placed along the left side and the right side of the 
basic portion; 

Figure 65B illustrates an example where the color 
element level of a part of the basic portion corre- 
sponding to the "hen" radical of the Chinese char- 
acter 



is set to level 5 or level 6 based on the basic portion 
table 3700; 

Figure 66 illustrates a structure of a t^asic portion 
table 3900 corresponding to the Chinese character 



Figure 67A illustrates an exanple where the color 
element level of a part of the basic portion corre- 
sponding 

to the Chinese character 



DESCRIPTION OF THE PREFERRED EMBODI- 
10 MENTS 

[0051] Rrst. the character display principle of the 
present Invention will be described. The character dis- 
play principle is commonly used in all emtxxJiments to 
15 be described below. 

[0052] Figure 4 schematically illustrates a display 
plane 400 of a display device 1 0 which can be used with 
the character display apparatus of the present inven- 
tion. The display device 10 includes a plurality of pixels 
20 12 which are ananged along the X and Y directions. 
Each of the pixels 12 includes a plurality of sub-pixels 
which are an-anged along the X direction. In tiie exam- 
ple illustrated in Figure 4, each pixel 12 includes ttiree 
sub-pixels 14R. 14G and 14B. 
25 [0053] The sub-pixel 14R is pre-asslgned to a color 
element R so as to output color R (red). The sub-pixel 
14G is pre-assigned to a color element G so as to out- 
put color G (green). The sub-pixel 14B is pre-assigned 
to a color element B so as to output color B (blue). 
[0054] The brightness of each of tiie sub-pixels 
14R. 14G and 14B is represented by a value ranging 
from 0 to 255. for example. When each of the sub-pixels 
14R, 14G and 14B may independently take a value 
ranging from 0 to 255. it is possible to display about 
16.700.000 (=256x256x256) different colors. 
[0055] When a character is displayed witii a con- 
ventional dot font or gray-scale font as described above, 
each dot of the character is associated with one pixel of 
tiie display apparatus. On the contrary, each dot of a 
character to be displayed on the display device 10 is 
associated with one of tiie sub-pixels 14R. 14G and 
14B Included In the pixel 12. TTius, even when using a 
conventional display device, tiie resolution of tiie display 
device can be virtually increased three-fold. As a result. 
45 parts of a character such as oblique lines or curves can 
be displayed smootii, thereby signif icantly improving tiie 
character display quality. 

[0056] However, when simply changing the unit of 
character display from pixds to sub-pixels, the dis- 

so played character will not be observed by a human eye to 
be black, but ratiier color stripes (color noise) will be 
observed. This is because the sub-pixels 14R. 14G and 
14B aligned along the X direction are pre-assigned to 
different color elements, respectively. In order to prevent 

55 the di^layed character from being observed by a 
human eye to be non-black, the present invention 
appropriately controls the color element level of a sub- 
^el adjacent to a sub-pixel corresponding to the basic 
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portion of the character. In this way. colors of the chc - 
acter other than black can be made less conspicuous ^.:> 
a human eye. 

[0057] Thus, the present invention Independently 
controls the color elements (R, G. B) which respectively s 
correspond to the sub-pixels 14R, 14G and 14B 
included in one pixel 12. while appropriately controlling 
the color element level of a sub-pxei adjacent to a sub- 
pixel corresponding to the basic portion of the character. 
In this way. not only the outline of the character but also io 
the character itself can be displayed in a virtual black 
color with a high definition. The term "virtual t)lack color 
as used herein refers to a color which is not black in a 
chromatically strict sense but which can be observed by 
a human eye to be black. is 
[0058] The present invention is not limited to those 
applications where a black character is displayed. 
Rather, the display principle of the present invention can 
be used to display a character in an achromatic color. 
For example, when the display principle of the present so 
invention is used to display a character in a gray color, 
effects similar to those described above can be 
obtained. When displaying a gray character, the rela- 
tionship between the cok>r element level and the bright- 
ness level as defined in a brightness table 92 of Figure 2S 
9 can be changed so that color element levels 5-0 cor- 
respond to a range of brightness levels from 0 to 127. 
[0059] Figure 5 illustrates the oblique fine 102 of 
Figure 1 being displayed on the 6x1 2-pixel display plane 
400 of the display device 10. In the example illustrated 3o 
in Figure 5, the color element level of each of the sub- 
pixels 14R. 14G and 14B is controlled through four dif- 
ferent levels. i.e.. level 3 to i^el 0. In Figure 5. each 
level 3 box represents a sub-pixel whose brightness 
level is 0. each level 2 box represents a sub-pixel whose 3s 
brightness level is 80. each level 1 box represents a 
sub-pixel whose brightness level is 180. and each level 
0 box represents a sub-pixel whose brightness level is 
255. 

[OOSO] The color element level of each sub-pixel 4o 
corresponding to the basic portion of the character is 
set to level 3 (the maximum color element level). The 
color element level of each sub-pixel which is adjacent 
to a sub-pixel corresponding to the basic portion of the 
character is set to level 2 or level 1 . 45 
[0061] Rgure 6 illustrates the oblique line 102 of 
Figure 1 being displayed on the display plane 400 of the 
display device 10 to be nanrower than that illustrated in 
Figure 5. Such a display can be achieved by changing 
the width of the basic portion of the character (i.e., the so 
width of the line corresponding to level 3) from a 2 sub- 
pixel width to a 1 sub-pixel width. 
[0062] Figure 7 illustrates the oblique line 102 of 
Figure 1 being displayed on the display plane 400 of the 
display device 1 0 to be wider than that illustrated in Fig- ss 
ure 5. Such a display can be achieved by changing the 
width of the basic portion of the character (i.e., the width 
of the line corresponding to level 3) from a 2 sub-pixel 




width to a 3 sub-pixel width. 

[0063] Thus, by adjusting the width of the basic por- 
tion of a cfBracter on a sub-pixel by sub-pixel basis, it is 
possible to perform a finer control on the width of the 
character. 

[0064] Figure 8 illustrates font data of a Japanese 
character 

which is designed k>ased on the character display princi- 
ple of the present irrvention. In the example illustrated in 
Figure 8. the color element level of each sub-pixel is 
controlled through six levels, i.e.. level 5 to level 0. By 
increasing the number of color element levels of a sub- 
pixel, colors of the character other than black can be 
made less conspicuous to a human eye. 
[0065] Figure 9 illustrates the brightness table 92 
which defines the relationship between the color ele- 
ment level of a sub-pixel (level 5 to level 0) and the 
brightness level of the sub-pixel. By storing the bright- 
ness table 92 in a memory device, the color element 
level of each sub-pixel can easily be converted to a 
brightness level. In the brightness table 92, the six color 
element levels (level 5 to level 0) are assigned over the 
range of brightness levels of 0 to 255 at substantially 
regular intervals. 

[0066] Figure 1 0 illustrates another brightness table 
94 which defines the relationship between the color ele- 
ment level of a sub-pixel (level 5 to level 0) arxl the 
brightness level of the sub-pixel. In the brightness table 
94. brightness levels con-esponding to color element 
levels 5 to 3 are shifted toward the brightness level of 0. 
and other brightness levels corresponding to color ele- 
ment levels 2 to 0 are shifted toward the brightness level 
of 255. When the brightness table 94 of Figure 10 is 
used, the apparent width of each character stroke can 
be reduced from that obtained when the brightness 
table 92 of Figure 9 is used. In other words, with the 
brightness table 94 of Figure 16. the character can be 
seen more "tightly" by human t>eing. 
[0067] Figure 11 illustrates still another brightness 
table 96 which defines the relationship between the 
color element level of a sub-pixel (level 5 to level 0) and 
the brightness level of the sub-pixel. The brightness 
table 96 is particularly suitable vt^en the display device 
10 is a color liquid crystal display device. Even when the 
brightness level of a sub-pixel of a color element B is rel- 
atively low. it is possit)le with the brightness table 96 to 
correct the brightness of tiie sub-pxel of the color ele- 
ment B, thereby preventing the sub-pixel from appear- 
ing darker than optimum. Thus, a brightness table 
suited for the display characteristic of the display device 
1 0 can be employed so as to tDake colors of the charac- 
ter other than black less conspicuous to a human eye. 
[0068] Moreover, according to the character display 
principle of the present invention, tiie interval between 
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characters can be adjusted on a sub-pixel by sub-pixel 
basis. Thus, it is possible to perform a finer control on 
the character interval than that possible with the con- 
ventional method where the character Interval Is con- 
trolled on a pixel by pixel basis. Therefore, the display 5 
principle of the present invention can suitably be used 
with a proportional font whose character interval needs 
to be variably controlled. By applying the display princi- 
ple of the present invention to a proportional fbnt, it is 
possible to realize a uniquely clear and smooth charac- 10 
ter set. 

[OOSS] Figure 12 illustrates font data of a Chinese 
character 



IS 



which is designed based on the character display princi- 
ple of the present invention. A character having many 
horizontal strokes such as the Chinese character 20 



can be displayed with a better quality when the display 2S 
plane 400 of the display device 10 is used in the hori- 
zontal position by rotating it by 90 degrees than in the 
vertical position. 

[0070] Figure 1 3 illustrates an ideal oblique line 1 04 
being displayed on the 6x1 2-pixel display plane 400 of 30 
the display device 10, with each of the top and bottom 
portions of the ideal oblique line 104 partially overlap- 
ping some sub-pixels. In such a case, a particular proc- 
ess is preferably performed on the top and bottom 
portions of the ideal oblique line 104. The particular 3S 
process will now be desaibed. 
[0071] For example, tiie color element level of each 
sub-pixel overlapped by the top or bottom portion of the 
ideal oblique line 104 may be determined according to 
the overlap area, i.e., the area over which the top or bot- 40 
torn portion of the ideal oblique line 104 overlaps the 
sub-pixel. Where the color element level of each sub- 
pixel is controlled through, for example, four levels, I.e., 
level 3 to level 0, if the overlap area is equal to or greater 
than 80% of the area of the sub-pixel, the color element 45 
level of the sub-pixel is set to level 3. Similarly, if the 
overlap area is equal to or greater than 50% and less 
than 80% of the area of the sub-pixel, the color element 
level of the sub-pixel is set to level 2. If the overlap area 
is equal to or greaXer tiian 20% and less tiian 50% of the so 
area of the sub-pixel, the color element level of the sub- 
pixel is set to level 1 . If tiie overlap area is less than 20% 
of the area of the sub-pixel, tiie color element level of 
the sub-pixel is set to level 0. 

10072] In Figure 13. the ideal oblique line 1 04 over- ss 
laps the sub-pixel 14A over an area tiiat is equal to or 
greater than 50% and less tiian 80% of the area of the 
sub-pixel 14A. and the ideal oblique line 104 also over- 



laps the sub-pixel 14B over an area that is equal to or 
greater than 50% and less than 80% of the area of the 
sub-pixel 14B. Therefore, the color element level of the 
sub-pixel 14A and that of tiie sub-pixel 14B are both set 
to level 2. 

[0073] Moreover, the color element level of the sub- 
pixel 14AA which is adjacent to the sub-pixel 14A along 
the X direction is set to level 1. and the cotor element 
level of the sub-pixel 14BB which is adjacent to the sub- 
pixel 14B along the X direction is also set to level 1. 
Thus, the color element level of the sub-pixel 14AA or 
14BB adjacent to the sub-pixel 14A or 14B that oon-e- 
sponds to an end of the ideal oblique line 104 is set so 
as to conrplement the color element level of the sub- 
pixel 14A or 14B. 

[0074] In Figure 13. tiie ideal oblique line 104 over- 
laps the sub-pixel 140 over an area that is equal to or 
greater tiian 20% and less than 50% of the area of the 
sub-pixel 14C. and the ideal oblique line 104 also over- 
laps the sub-pixel 14D over an area that is equal to or 
greater than 20% and less than 50% of the area of tiie 
sub-pixel 14D. Therefore, the color element level of tiie 
subiDixel 14C and that of tiie sub-pixel 14D are boUi set 
to level 1 . 

[0075] The color element level of the sub-pixel 
14CC which is adjacent to tiie sub-pixel 140 along tiie 
X direction is set to level 0. and the color element level 
of ttie sub-pixel 14DD which is adjacent to tiie sub-pixel 
14D along the X direction is also set to level 0. This, 
when the color element level of each sub-pixel 140 or 
14D corresponding to one end of the ideal oblique line 
104 is level 1. tiie color element level of each adjacent 
sub-pixel 14CC or 14DD is level 0 without complement- 
ing the color element level of the sub-pixel 14C or 14D. 
[0076] Figure 14 illustrates the ideal oblique line 
104 of Figure 13 being displayed on the 6x12-pixel dis- 
play plane 400 of the display device 1 0. 
[0077] The display device 10 may be a stripe-type 
color liquid crystal display device. Alternatively, the dis- 
play device 10 may be a delta-type color liquid crystal 
display device. Even with a delta-type color liquid crystal 
display device, effects similar to those provided by a 
stripe-type color liquid crystal display device can be 
obtained by independently controlling R. Q. B sub-pixels 
which conrespond to one pixel. The color liquid crystal 
display device may be a transmission type liquid crystal 
display device, which is widely used in personal com- 
puters, or the like, as well as a reflection type or rear 
projection type liquid crystal display device. However, 
the display device 10 is not limited to those color liquid 
crystal display devices. The display device 10 may be 
any color display apparatus including a plurality of pixels 
which are arranged along the X and Y directions (so- 
called "X-Y matrix display apparatus"). 
[0078] Moreover, the number of sub-pixels included 
in each sub-pixel 1 2 is not limited to three. The sub-pixel 
12 may include any numk>er (two or more) of 8ubi:)ixels 
an^nged in a predetermined direction. For example. 
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when N (N^) color elements are used to represent a 
color, each sub-pixel 12 may include N sub-pixels. 
[0079] The order of arrangement of the sub-pixels 
14R. 14G and 14B is not limited to that Illustrated in Fig- 
ure 4. For example, the sub-pixels may be arranged in 5 
the order of B, G. R along the X direction. Moreover, the 
direction of arrangement of the sub-pixels 14R. 14G 
and 14B Is not limited to that illustrated in Figure 4. The 
sub-pixels 14R, 14G and 14B may be an^anged in any 
direction. io 
[0080] Furthermore, the group of color elements for 
use with the present Invention Is not limited to R (red), Q 
(green), B (blue). Alternatively, the color elements may 
be C (cyan). Y (yellow), M (magenta). 
[0081] Embodiments of the present invention will is 
now be described with reference to the accompanying 
drawings. 



(Embodiment 1) 



20 



[0082] Rgure 15A illustrates a structure of a char- 
acter display apparatus la according to Embodiment 1 
of the present invention. The character display appara- 
tus la maybe, for example, a personal computer. Such 
a personal computer may be of any type such as a desk 25 
top type or lap top type computer. Alternatively, the 
character display apparatus la may be a word proces- 
sor. 

[0(^3] Moreover, the character display apparatus 
la may alternatively be any other electronic apparatus 30 
or information apparatus incorporating a color display 
device. For example, the character display apparatus la 
may be an electronic apparatus incorporating a color 
liquid crystal display device, a portable information ter- 
minal which Is a portable information tool, a portable 35 
phone including a PHS, a general-purpose communica- 
tion apparatus such as a telephone/FAX, or the like. 
[0(^] TTie character display apparatus 1 a includes 
the display device 10 capable of performing a color dis- 
play, and a control section 20 for independentiy control- 4o 
ling a plurality of color elements respectively 
con-espondlng to a plurality of subiDixels included In the 
display device 10. The control section 20 is connected 
to the display device 10, an Input device 30 and an aux- 
iliary storage apparatus 40. 45 
[OQBSl The input device 30 is used to input to the 
control section 20 character information representing a 
character to be di^layed on the display device 10. For 
example, the character information may include a char- 
acter code for identifying the character and a character so 
size indicating tiie size of the character to be displayed. 
The input device 30 may be any type of input device 
through which the character code and the character 
size can be input. For example, a keyboard, a mouse or 
a pen-type input device may suitably be used as the ss 
input device 30. 

[Orae] Tlie auxiliary storage apparatus 40 stores a 
character display program 41 a and data 42 which is 



required to execute tfie character display program 41a. 
The data 42 includes character outilne information 42a, 
which defines the outiine of the character, color element 
level information 42b and a brightiiess table 42c. For 
example, tfie brightiiess table 42c may be the bright- 
ness table 92 (Figure 9). tiie brightness table 94 (Figure 
10) or the brightness table 96 (Figure 11). The auxiliary 
storage apparatus 40 may t^e any type of storage appa- 
ratus capable of storing the character display program 
41a and the data 42. Any type of recording medium may 
be used in tiie auxiliary storage apparatijs 40 for storing 
tiie character display program 41a and the data 42. For 
example, a hard disK CD-ROM, K/KD, floppy disk. MD. 
DVD. IC card, optical card, or tiie like, may suitably be 
used as the auxiliary storage apparatus 40. 
[0087] The present invention is not limited to appli- 
cations where the character display program 41a and 
the data 42 are stored on a recording medium in the 
auxiliary storage apparatus 40. For example, the char- 
acter display program 41 a and the data 42 may alterna- 
tively be stored in a main memory 22 or in a ROM (not 
shown). For example, such a ROM may be a mask 
ROM, EPROM, EEPROM, flash ROM, or the like. In 
such a ROM-based system, it is possible to realize var- 
ious types of processing only by switching a ROM to 
another. For example, the ROM-based system may suit- 
ably be used witii a portable terminal apparatus or a 
portable phone. 

[0088] The recording medium for storing the char- 
acter display program 41a and the date 42 may be 
those which carry a program and^or data in a fixed man- 
ner such as the disk or card type storage apparatus or a 
semiconductor memory, as well as those which canry a 
program and/or data in a flexible manner such as a 
communication medium used for transferring a program 
and/or data in a communication network. When the 
character display apparatus la is provided with means 
for connecting to a communication line. Including the 
Internet, tiie character display program 41 a and tiie 
data 42 may be downloaded from the communication 
line. In such a case, a lo^er program required for the 
download may be eittier pre-stored In a ROM (not 
shown) or installed from the auxiliary storage apparatus 

40 into the control section 20. 

[0089] Other character display programs 41b to 

41 d to be described below may be handled in a manner 
similar to that for the character display program 41 a. 
[0090] The conti'ol section 20 includes a CPU 21 
and the main memory 22. 

[0091 ] The CPU 21 conti-ols and monitors the entire 
character display apparatus la, and also executes the 
character display program 41a stored in the auxiliary 
storage apparatus 40. 

[0092] The main memory 22 temporarily stores 
data which has been input through the input device 30. 
data to be displayed on the display device 10, or data 
which is required to execute tiie character display pro- 
gram 41a. The main memory 22 is accessed by the 
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CPU 21. 

[0093] The CPU 21 generates a character pattern 
by executing the character display program 41a based 
on various data stored in the main memory 22. The gen- 
erated character pattern is once stored in the main s 
memory 22 and th^ output to the display device 10. 
The timing at which the character pattern is output to 
the display device 10 is controlled by the CPU 21 . 
[0094] Figure 16 illustrates a structure of the char- 
acter outline information 42a stored in the auxiliary stor- io 
age apparatus 40. 

[0095] The character outline information 42a 
includes a character code 301 for identifying the charac- 
ter, data 302 indicating the number of strokes Included 
in the character, and stroke information 303 for each 75 
stroke. 

[0096] The stroke information 303 for each stroke 
includes a stroke code 304 for identifying the stroke, 
data 305 indicating the number of outline points 
included in the stroke, and a pointer 306 to outline 20 
points coordinate data 308 which indicates the coordi- 
nates of the outline points included in the stroke. The 
pointer 306 indicates the location in the auxiliary stor- 
age apparatus 40 where the outline points coordinate 
data 308 is stored. By referencing the stroke information 25 
303, the coordinates of each of the outline points of the 
stroke can be obtained. It is assumed herein that in the 
outline points coordinate data 3C^, the coordinates of 
the outline points indixied in the stroke are arranged in 
the counterclockwise direction. 30 
[0097] The number of the stroke information 303 is 
equal to the number of strokes 302. Therefore, when the 
number of strokes 302 is N (N is an integer equal to or 
greater than 1), the character outline information 42a 
includes N stroke information 303 respectively corre- 3S 
spending to stroke code 1 to stroke code N. 
[0098] Methods for approximating the outline of a 
character include, for example: (1) a method for approx- 
imating the outline of the character with one or nK>re 
straight lines; (2) a method for approximating the outline 40 
of the character with a combination of one or more 
straight lines and one or more arcs; and (3) a method for 
approximating the outline of the character with a combi- 
nation of one or more straight lines and one or more 
curves (e.g., spline curves}. 4s 
[0099] The character outline information 42a may 
include as the outline points coordinate data 308 coordi- 
nates of a plurality of outline points which are obtained 
by any of the above methods (1 )-(3). In view of the qual- 
ity of the character display and the data capacity, the so 
character outline information 42a preferably includes 
the outline points coordinate data 308 otstained based 
on the method (3). 

[01 00] Figure 1 7A illustrates a structure of the color 
element level information 42b stored in the auxiliary ss 
storage apparatus 40. 

[0101] The color element level information 42b, 
includes data 701 which indicates the number of suk>- 
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pixel sets 705 included in the color element level infor- 
mation 42b. and a plurality of sub-pixel sets 705. As will 
be discussed below, each of the sub-pixel sets 705 is 
used to determine the color element level of a sub-pixel 
an-anged in the vicinity of a sub-pixel corresponding to 
the basic portion of the character. 
[0102] Each sub-pixel set 705 includes a sub-pixel 
set code 702 for identifying the sub-pixel set 705, data 
703 indicating the number of sub-pixels included in the 
sub-pixel set 705, and a plurality of color element level 
data 704 respectively corresponding to sub-pixel 1 to 
sub-pixel M. 

[0103] Figure 17B Illustrates an example of the 
color element level Information 42b. In Figure 17B. 
numbers shown in the respective boxes each indicates 
the value of an attribute that corresponds to the box. 
[0104] Figure 18 illustrates a procedure for 
processing the character display program 41a. The 
character display program 41a is executed by the CPU 
21 . Each step in the procedure for processing the char- 
acter display program 41a will now be described. 
[0105] St^ Si : A character code and a character 
size are input through the input device 30. For example, 
when displaying a Japanese character 

on the display device 1 0, 0404** (a J IS character code) is 
input as the character code. Such an input can be done 
by the user depressing a key on the keyboard desig- 
nated 

The character size is represented by. for example, the 
nunt^er of dots of the character to be displayed along 
the horizontal direction and that along the vertical direc- 
tion. The character size is, for example, 13 dots x 12 
dots. 

[0106] Step S2: The character outline information 
42a conresponding to the character of the input charac- 
ter code is stored in the main memory 22. 
[01 07] Step S3: Based on the outline points coordi- 
nate data 308 for one of the strokes included in the char- 
acter outline information 42a. the ideal outline of the 
character is calculated. The Ideal outline of the charac- 
ter is approximated with straight lines or curves accord- 
ing to a known method. 

[0108] Step S4: The ideal outline of the character 
calculated in step S3 is scaled according to the input 
character size. The scaling operation converts the pre- 
determined coordinate system for the outline points 
coordinate data 308 into the actual pixel coordinate sys- 
tem for the display device 1 0. 
[0109] Step S5: The basic portion of the character 
is detected according to the area over which the inside 
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of the ideal outline of the character which has been 
scaled in step S4 overlaps sut>plxe!s of the display 
device 10. The basic portion of a character is a portion 
which represents the core structure of the character. For 
exanple. when the area over which the inside of the 5 
Ideal outline of the scaled character overlaps a sub-pixel 
of the display device 1 0 is equal to or greater than a pre- 
determined area, the sub-pixel is defined as corre- 
sponding to the basic portion of the character. The 
value of the predetermined area may be a fixed value or 10 
a variable value which may be varied according to an 
input from the input device 30. 
[0110] For each of the sub-pixels of the display 
device 10, the area over which the inside of the ideal 
outline of the scaled character overlaps the sub-pixel is is 
calculated so as to determine which sub-pixels of the 
display device 10 correspond to the basic portion of the 
character. 

[0111] Step S6: The color element level of each 
sub-pixel corresponding to the basic portion of the char- so 
acter is set to the maximum color element level. For 
example, where the color element level of a sub-pixel is 
represented through six levels, i.e., level 5 to level 0. the 
color element level of each sub-pixel which corresponds 
to the basic portion of the character is set to level 5. 2s 
[0112] Step S7: The color element level of each 
sub-pixel arranged in the vicinity of a sub-pixel which 
corresponds to the basic portion of the character is set 
to one of four levels, i.e., level 4 to level 1 , according to 
a predetermined mie. The details of the predetermined 30 
rule will be described below with reference to Figure 19. 
[01 1 3] Step 88: It is determined whether steps S3- 
87 have been performed for all of the strokes included 
in the character. If "No", the process returns to step S3. 
If Yes", the process proceeds to step S9. 35 
[0114] Step S9: The color element level of each 
sub-pixel is converted to a brightness level. Such a con- 
version is performed by using, for example, the bright- 
ness table 42c stored in the auxiliary storage apparatus 

40. 40 
[0115] Step 810: Brightness data indicating the 
brightness level of each sub-pixel is transferred to the 
display device 10. Thus, the brightness levef of the dis- 
play device 10 is controlled on a sub-pixel by sub-pixel 
basis. 4S 
[0116] Rgure 19 illustrates how to determine the 
color element level of each sub-pixel arranged in the 
vicinity of a sub-pixel which corresponds to the basic 
portion of the character. 

[0117] First, the direction of the ideal outline of the so 
character (hereinafter, referred to as the "outline direc- 
tion") is determined based on the arrangement of the 
coordinates of the outline points coordinate data 308. In 
the example illustrated in Rgure 19. the outline direction 
is denoted by arrow Ai. Sub-pixels BPi-BPi2 corre- ss 
sponding to the basic portion of the character are 
arranged along the outline direction. 
[0118] Now. refenring to Figure 19. one sub-pixel 



BP|j (where k=1, 2. 11) corresponding to the basic 
portion of the character is assumed to be a reference 
sub-pixel. Then, the color element level of the sub-pixel 
NP|c^^ adjacent to the sub-pixel BP^^i which con-e- 
sponds to the basic portion of the character and is 
arranged next to the reference sub-pixel BP^ along the 
outline direction is determined according to the posi- 
tional relationship between the reference sub-pixel BP^ 
and the sub-pixel BPi^^.^. 

[01 1 9] When the position (coordinates) of the refer- 
ence sub-pixel BP|c and the position (coordinates) of the 
sub-pixel BP|(4.^ are the same in the direction along 
which sub-pixels are arranged in each pixel (i.e.. the 
horizontal direction in Figure 19), the color element level 
of the sut>-pixel NPic^^ is set to level 3. Otherwise, the 
color element level of the sub-pixel is set to level 
4. The determination of the position and the color ele- 
ment level of each sub-pixel are performed by the CPU 
21. 

[0120] In the example illustrated in Figure 19, the 
color element level of each sub-pixel ^P^^.i is deter- 
mined by determining the positional relationship 
between the reference sub-pixel BP^^ and the sub-pixel 
B^k^i for e^ch value of k from kal to k^l 1 . The color 
element level of the sub-pixel NP^ may be set to any 
level (e.g.. level 3). 

[0121] In this way. the color element level of tiie 
sub-pixel NP(5 adjacent to the sub-pixel BPj^ which cor- 
responds to the basic portion of the character is deter- 
mined. In Figure 19, each number shown in a sub-pixel 
box indicates the color element level which is set for the 
sub-pixel. 

[0122] The respective color element levels of sub- 
pixels which are adjacent to the sub-pixel HP^ are deter- 
mined by using the color element level information 42b 
(Figure 17A). In particular, one of the sub-pixel sets 705 
included in the color element level information 42b in 
which the color element level of the sub-pixel NBi^ is tiie 
maximum color element level is selected. The respec- 
tive color element levels of such sub-pixels are deter- 
mined toward the outer direction from tiie outline of tiie 
character by the number of sut>-pixels 703 which is 
defined in the selected sub-pixel set 705. 
[01 23] For example, when the color element level of 
the sub-pixel NPj^ is set to level 3. one of the sub-pixel 
sets 705 which has a value of 3 as the color element 
level 704 of sul>pixel 1 is selected from the color ele- 
ment level information 42b. According to the value of 2 
of the color element level 704 of sub-pixel 2 defined in 
the selected sub-pixel set 705, the color element level of 
the sub-pixel N'Pi^ adjacent to the sub-pixel NPf^ is set to 
level 2. Moreover, according to the value of 1 of the color 
element level 704 of sub-pixel 3 defined in the selected 
sub-pixel set 705. the color element level of the sub- 
pixel N"P|( which is adjacent to the sub-pixel WP^ is set 
to level 1. 

[0124] In this way. the color element level of each of 
tiie sub-pixels iSSPe^. N'Pe^ and N"Pt( which are arranged 
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in the vicinity of the sub-pixel BP^^ corresponding to the 
basic portion of the character is determined. 
[0125] The color element level of each of the sub- 
pixels NPfo N'Pfe and WPj^ which are arranged in the 
vicinity of the sub-pixel BP(t con-e^onding to the basic s 
portion of the character may be set to any other level by 
altering the data contained in the color element level 
information 42b. 

[0126] Figure 20 illustrates font data of a Japanese 
character io 



which Is designed based on the character display princi- is 
pie of the present invention, with the ideal outline of the 
Japanese character 

20 

being superimposed thereon. In Figure 20, the arrows 
indicate the outline direction. As described above with 
reference to Figure 19. font data of a character can be 
obtained by successively determining the respective 25 
color element levels of sub-pixels arranged in the vicin- 
ity of subpixels con-esponding to the basic portion of the 
character along the outline direction. 
[0127] The control section 20 may have a function 
to display a character while rotating the sub-pixel so 
arrangement by 90 degrees. Whether or not to rotate 
the sub-pixel arrangement by 90 degrees may be 
selected by the user. For example, a Chinese character 



can be displayed as Illustrated in Figure 12, by display- 
ing the character while rotating the sub-pixel arrange- 
ment by 90 degrees according to the sub-pixel 4o 
an-angement of the display device 10. Thus, by rotating 
the display direction of the stripe-type liquid crystal dis- 
play device to the horizontal position, it is possible to 
achieve a character display apparatus which is suitable 
for the Japanese language. 45 

(Embodiment 2) 

[0128] Figure 21 schematically illustrates the dis- 
play plane 400 of the display device 10 which can be so 
used wHh a character display apparatus 1 b according to 
Embodiment 2 of the present invention. The display 
device 10 has a plurality of pixels 1 2 arranged along the 
X and Y directions. Each of the pixels 12 includes a plu- 
rality of sub-pixels which are an-anged along the X direc- ss 
tion. In the example illustrated in Figure 21. each pixel 
12 includes three sub-pixels 14R. 14G and 14B. 
[0129] The sub-pixel 14R is pre-assigned to a color 
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element R so as to output color R (red). The sub-pixel 
14G is pre-assigned to a color element G so as to out- 
put color G (green). The sub-pixel 14B is preassign^ to 
a color element B so as to output color B (blue). 
[0130] The brightness of each of the sub-pixels 
14R. 14G and 14B is represented by a value ranging 
from 0 to 255. for example. When each of the sub-pixels 
14R. 14G and 14B may independently take a value 
ranging from 0 to 255. it is possible to display about 
16.700.000 (=256x256x256) different colors. 
[01 31 ] Figure 1 5B illustrates a structure of the char- 
acter display apparatus lb according to Embodiment 2 
of the present invention. 

[0132] Elements in Figure 15B having like refer- 
ence numerals to those shown in Rgure 1 5A will not fur- 
ther be described. 

[0133] The auxiliary storage apparatus 40 stores a 
character display program 41b and data 42 which is 
required to execute the character display program 41b. 
The data 42 includes skeleton data 42d which defines 
the skeleton shape of a character, a con-ection table 42e 
and a brightness table 42c. The auxiliary storage appa- 
ratus 40 may be any type of storage apparatus capable 
of storing the character display program 41b and the 
data 42. 

[0134] Figure 22 Illustrates an exemplary structure 
of the skeleton data 42d stored in the auxiliary storage 
apparatus 40. 

[01 35] The skeleton data 42d represents the skele- 
ton shape of a character. The skeleton data 42d 
includes a character code 2301 for identifying the char- 
acter, data 2302 indicating the number M of strokes 
included in the character (M is an integer equal to or 
greater than 1), and stroke information 2303 for each 
stroke. 

[0136] The stroke information 2303 for each stroke 
includes a stroke number 2304 for identifying the stroke, 
data 2305 indicating the number N of points included in 
the stroke (N is an integer equal to or greater than 1), a 
line type 2306 indicating the line type of the stroke, arKJ 
a plurality of coordinate data 2307 respectively indicat- 
ing the plurality of points included in the stroke. Since 
the numlDer of coordinate data 2307 Is equal to the 
number of points 2305. a number N of coordinate data 
sets are stored for each stroke. 
[01 37] Since the number of stroke information 2303 
is equal to the number of strokes 2302, the skeleton 
data 42d includes a number M of stroke information 
2303 for stroke code 1 to stroke code M. 
[01 38] The line type 2306 may include, for example, 
a line type "straight line" and a line type "curve". When 
the line type 2306 is "straight line", the plurality of points 
included in the stroke are approximated with a straight 
line. When the line type 2306 Is "curve", the points 
included in the stroke are approximated with a curve 
(e.g., a spline curve). 

[0139] Figure 23 illustrates an example of the skel- 
eton data 42d representing the skeleton shape of a Chi- 
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The sl^leton data 42d representing the skeleton shape 
of the Chinese character 



10 



includes four strokes, i.e., stroke #1 to stroke #4 respec- 
tively corresponding to stroke code 1 to stroke code 4. 
[0140] Stroke #1 is defined as a straight line is 
between a starting point (0, 1 92) and an end point (255. 
192). Stroke IfZ is defined as a straight fine between a 
starting point (128. 255) and an end point (128, 0). 
Stroke #3 is obtained by approximating five points (121 , 
192), (97. 141). (72. 103), (41. 69), (4, 42)with a curve. 20 
Stroke #4 is obtained by approximating five points (135. 
192), (156. 146). (182. 107), (213. 72), (251, 42) with a 
curve. 

[0141] Rgure 24 illustrates an example of the skel- 
eton data 42d representing the skeleton shape of the 2S 
Chinese character 



30 



as shown on a coordinate plane. In the example illus- 
trated in Rgure 24, stroke #3 and stroke #4 are approx- 
imated with straight lines for tfie sake of simplicity. 
[0142] Rgure 25 illustrates a correction table 2060 
as an exanrple of the connection table 42e stored in the 35 
auxiliary storage apparatus 40. The correction table 
2060 includes a con-ection pattern 1 and a correction 
pattern 2. The correction pattern 1 indicates ttiat the 
color element levels of sub-pixels arranged in the vicin- 
ity of a sub-pixel corresponding to the basic portion of 40 
the character are set to "5". "2" and T in this order from 
the sub-pixel closest to the basic portion of the charac- 
ter to the farthest one from the basic portion of the char- 
acter. The correction pattern 2 indicates tiiat the color 
element levels of sub-pixels anranged in the vicinity of a 45 
sub-pixel con'esponding to the basic portion of the char- 
acter are set to "4". "2" and "1" In tfiis order from tiie 
sub-pixel closest to the basic portion of the character to 
the farthest one from the basic portion of the character. 
Whether to use the correction pattern 1 or the conrection so 
pattern 2 in a particular situation will be described below 
witfi reference to Rgures 30A, 30B. 31 A and 31 B. 
[0143] Thus, the connection pattern 1 and tiie cor- 
rection pattern 2 are used to determine tfie color ele- 
ment level of each sub-pixel which is anranged in the ss 
vicinity of a sub-pixel con^esponding to the basic portion 
of ttie character. 

[0144] The number of correction patterns included 



in tiie con-eclion table 2060 is not limited to 2. The 
number of correction patterns included in the correction 
table 2060 may be any number equal to or greater than 
2. Moreover, tiie number of color element levels 
included In each con-ection pattern is not limited to 3. 
The number of color element levels included in each 
correction pattern may be any number equal to or 
greater tiian 1. 

[0145] Rgure 26 illustrates a brightness table 2070 
as an exanple of tiie brightness table 42c stored in the 
auxiliary storage apparatus 40. The brightness table 
2070 defines tiie relationship between the color element 
level of a sub-pixel and the brightness level of the sub- 
pixel. By having ttie brightness table 2070 stored in tiie 
auxiliary storage apparatus 40. tiie color element level 
of each sub-pixel can easily be converted to a bright- 
ness level. In tiie brightness table 2070. the eight color 
element levels (level 7 to level 0) are assigned over the 
range of brightiiess levels of 0 to 255 at substantially 
regular intervals. 

[0146] Rgure 27 illustrates a brightness table 2080 
as another example of tiie brightness table 42c. The 
brightiiess table 2(^0 defines the relationship between 
tiie color element level of a sub-pixel and ttie kxightness 
level of the sub-pixel. In the brightiiess table 2080. tiie 
brightness levels corresponding to color element levels 
7 to 4 are shifted toward tiie brightness level of 0. and 
otiier brightness levels corresponding to color element 
levels 3 to 0 are shifted toward tiie brightiiess level of 
255. When tiie brightness table 2080 of Rgure 27 is 
used, the apparent width of each character sti*oke can 
be reduced from tiiat obtained when the brightness 
table 2070 of Figure 26 is used. In otiier words, witii tiie 
brightiiess table 2080 of Figure 27. the character can be 
seen more, "tightiy" by human being. 
[0147] Figure 28 is a brightiiess table 2090 in still 
another example of tiie brightness table 42c. The 
brightiiess table 2090 defines tiie relationship between 
tiie color element level of a sub-pixel and tiie brightness 
level of tiie sub-pixel. The brightiiess table 2090 is par- 
ticularly suitable when the display device 10 is a color 
liquid crystal display device. Even when the brightness 
level of a sub-pixel of a color element B Is relatively low, 
it is possible with tiie brightiiess table 2090 to correct 
tiie brightness of the sub-pixel of the color element B, 
tiiereby preventing tiie sub-pixel from appearing darker 
than optimum. Thus, a brightness table suited for tiie 
display characteristic of the display device 10 can be 
employed so as to make colors of tiie character other 
than black less conspicuous to a human eye. 
[0148] Figure 29A illustrates a procedure for 
processing the character display program 41b. The 
character display program 41b is executed by the CPU 
21 . Each step in tiie procedure for processing the char- 
acter display program 41 b will now be described. 
[0149] Step S2001 : A character code and a charac- 
ter size are input tiirough tiie input device 30. For exam- 
ple, when displaying a Chinese character 
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on the display device 10, "4458" (a JIS character code: s 
section 44, point 58) is input as the character code. The 
character size Is represented by. for example, the 
number of dots of the character to be displayed along 
the horizontal direction and that along the vertical direc- 
tion. The character size Is. for example. 20 dots x 20 w 
dots. 

[0150] Step S2002: The skeleton data 42d for the 
character corresponding to the Input character code is 
stored in the main memory 22. 

[01 51 J Step S2003: The coordinate data 2307 of 75 
the skeleton data 42d is scaled according to the input 
character size. The scaling operation converts the pre- 
determined coordinate system for the coordinate data 
2307 of the skeleton data 42d into the actual pixel coor- 
dinate system for the display device 10. The scaling 20 
operation is performed taking the sub-pixel arrange- 
ment into consideration. For example, where each pixel 
12 includes three sub-pixels 14R, 14G and 14B 
arranged along the X direction, as illustrated in Figure 
21 . if the character size is 20 dots x 20 dots, the coordi- 25 
nate data 2307 of the skeleton data 42d is scaled to 
data of 60 (^20x3) pixels x 20 pixels. 
[0152] Step S2004: Data (stroke information 2303) 
for each stroke is retrieved from the skeleton data 42d. 
[0153] Step S2005: It is determined whether the 30 
stroke is a straight line based on the data (stroke infor- 
mation 2303) for the stroke which has been retrieved in 
step S2004. Such a determination is done by referenc- 
ing the line type 2306 included in the stroke information 
2303. If the determination of step S2005 is "Yes", the 35 
process proceeds to step S2006. If the determination of 
step S2005 is "No", the process proceeds to step 
S2007. 

[0154] Step S2006: The points defined by the 
scaled coordinate data 2307 are connected together 40 
with a straight line. The sub-pixels arranged along the 
straight line are defined as corresponding to the basic 
portion of the character. Thus, the basic portion of the 
character is defined on a sut>-pixel by sub-pixel basis. 
[0155] Step S2007: The points defined by the 45 
scaled coordinate data 2307 are approximated with a 
curve. The curve may be. for example, a spline curve. 
The sub-pixels arranged along the curve are defined as 
corresponding to the basic portion of the character. 
Thus, the basic portion of the character is defined on a so 
sub-pixel by sub-pixel basis. 

[01 56] Step S2008: The color element level of each 
sub-pixel con'esponding to the basic portion of the char- 
acter is set to the maximum color element level. For 
example, where the color element level of a sub-pixel is ss 
represented through eight levels, i.e., level 7 to level 0. 
the color element level of each sub-pixel which corre- 
sponds to the basic portion of the character is set to 



level 7. 

[01 57] Step S2009: The color element level of each 
sub-pixel arranged in the vicinity of a sub-pixel conre- 
sponding to the basic portion of the character Is set to 
one of level 6 to level 0 according to a predetermined 
correction pattern selection rule. The details of the pre- 
determined correction pattern selection rule will be 
described below with reference to Figures 30A, 30B, 
31 A and 31 B. For example, the setting of the color ele- 
ment level may be performed by using the correction 
table 42e stored in the auxiliary storage apparatus 40. 
[0158] Step S2010: It is determined whether steps 
S2003-S2009 have been performed for all of the strokes 
included in the character. If "No", the process returns to 
step S2003. If "Yes", the process proceeds to step 
S2011. 

[01 59] Step S201 1 : The color element level of each 
sub-pixel is converted to a brightness level. Such a con- 
version is performed by using, for example, the bright- 
ness table 42c stored in the auxiliary storage apparatus 
40. 

[0160] Step S2012: Brightness data indicating tiie 
brightness level of each sub-pixel is transferred to the 
display device 10. Thus, the brightness level of the dis- 
play device 10 is controlled on a sub-pixel by sub-pixel 
basis. 

[01 61 ] Figures 30A and 30B illustrate how to deter- 
mine the color element level for sub-pixels arranged 
adjacent to tiie left side of a sub-pixel which con-e- 
sponds to the basic portion of the character. 
[0162] The color element levels of sub-pixels each 
an-anged adjacent to the left side of a sub-pixel which 
corresponds to the basic portion of tiie character are 
determined in the downward direction. Irrespective of 
ttie direction of the sti-aight line between the start point 
and the end point of tiie stroke. 
[0163] Refen-ing to Figures 30A and 30B, the sub- 
pixel A corresponding to the basic portion of the charac- 
ter is assumed to be a reference sub-pixel, the sub-pixel 
located on the left lower side of the reference sub-pixel 
A is assumed to be a sub-pixel B, and the sub-pixel 
located on the left upper side of the reference sub-pixel 
A is assumed to be a sub-pixel C. 
[01 64] When at least one of the sub-pixel B and the 
sub-pixel C corresponds to the basic portion of the char- 
acter, the color element level of tiie sub-pixel adjacent to 
the left side of the sub-pixel A is determined according 
to the correction pattern 1 of the conrection table 42e. 
This con-esponds to tiie case illustrated in Figure 30A. 
For example, when the correction table 2080 (Figure 
25) is used as the correction table 42e. the correction 
pattern 1 is a pattern: "5". "2". "1". Therefore, the color 
element levels of tiie three sub-pixels adjacent to the left 
side of tiie sub-pixel A are set to "5". "2" and "1 ". respec- 
tively, from tiie sub-pixel closest to the sub-pixel A to the 
farthest one from the sub-pixel A. 
[0165] When neither subiDixel B nor sub-pixel C 
corresponds to tiie basic portion of the character, tiie 
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color element levels of the three sub-pixels adjacent to 
the left side of the sut>-pixel A are determined according 
to the con-ection pattern 2 of the correction table 42e. 
This corresponds to the case illustrated in Figure SOB. 
For example, when the correction table 2060 (Figure 5 
25) is used as the correction table 42e, the connection 
pattern 2 is a pattern: "4", "2", "V, Therefore, the color 
element levels of the three sub-pixels adjacent to the left 
side of the sub-pixel A are set to "4". "2" and T . respec- 
tively, from the sub-pixel closest to the sub-pixel A to the 10 
farthest one from the sub-pixel A. 
[0166] Where more than one sut>-pixels corre- 
sponding to the basic portion of the character are 
arranged along the horizontal direction, the leftmost one 
of those sub-pixels may be selected as the sub-pixel A. is 
[0167] Figures 31 A and 31 B Illustrate how to deter- 
mine the color element level for sub-pixels arranged 
adjacent to the right side of a sub-pixel which corre- 
sponds to the basic portion of the character. 
[0168] The color element levels of sub-pixels each so 
arranged adjacent to the right side of a sub-pixel which 
corresponds to the basic portion of the character are 
determined in the downward direction, in-espective of 
the direction of the straight line between the start point 
and the end point of the stroke. 25 
[0169] Refemng to Figures 31 A and 31 B. the sub- 
pixel A con-esponding to the basic portion of the charac- 
ter is assumed to be a reference sub-pixel, the sub-pixel 
located on the right lower side of the reference sub-pixel 
A Is assumed to be a sub-pixel D, and the sub-pixel 30 
located on the right upper side of the reference sub- 
pixel A is assumed to be a sub-pixel E. 
[0170] Then at least one of the sub-pixel D and the 
sub-pixel E corresponds to the basic portion of the char- 
acter, the color element level of the sub-pixel adjacent to 3s 
the right side of the sub-pixel A is determined according 
to the con-ection pattern 1 of the correction table 42e. 
This corresponds to the case illustrated In Figure 31 A. 
For example, when the correction table 2060 (Figure 
25) is used as the con-ection table 42e. the conection 40 
pattern 1 is a pattern: "5", "2", "r. Therefore, the color 
element levels of the three sub-pixels adjacent to the 
right side of the sub-pixel A are set to '*5", ''2'* and "1**. 
respectively, from the sub-pixel closest to the sub-pixel 
A to the farthest one from the sub-pixel A. 45 
[0171] When neither sub-pixel D nor sub-pixel E 
corresponds to the basic portion of the character, the 
color element levels of the three sub-pixels adjacent to 
the right side of the sub-pixel A are determined accord- 
ing to the correction pattern 2 of the correction table so 
42e. This corresponds to the case illustrated in Figure 
31 B. For example, when the correction table 2060 (Fig- 
ure 25) is used as the conrection table 42e. the correc- 
tion pattern 2 is a pattern: "4", "2", "1". Therefore, the 
color element levels of the three sub-pixels adjacent to ss 
the right side of the sub-pixel A are set to "4". "2" and 
T, respectively, from the sub-pixel closest to the sub- 
pixel A to the farthest one from the sub-pixel A. 



[0172] Where more than one sub-pixels corre- 
sponding to the basic portion of the character are 
an-anged along the horizontal direction, the rightmost 
one of those sub-pixels may be selected as the sub- 
pixel A. 

[0173] Thus, the color element level of each sub- 
pixel adjacent to a sub-pixel corresponding to the basic 
portion of the character is determined. In Figures 30A. 
30B, 31 A and 31 B. each number shown in a sub-pixel 
box indicates the color element level which Is set for the 
sub-pixel. 

[0174] Figure 32 illustrates an example where the 
color element levels of alt of the sub-pixels of the display 
device 10 have been set based on the skeleton data 
42cS representing the skeleton shape of the Chinese 
character 

In Figure 32, each number shown in a sut>-pixel box 
indicates the color element level which is set for the sub- 
pixel. The color element level of each blank sub-pixel is 
level 0. 

[0175] The sub-pixel color element level arrange- 
ment of the character as illustrated in Figure 32 is 
obtained by combining together the respective sub-pixel 
color element level arrangements for the strokes 
included in the skeleton data 42(11. 
[0176] Figures 33A to 33D illustrate the sub-pixel 
color element level arrangements for stroke #1 to stroke 
#4 of the Chinese character 



respectively. Such setting of the sub-pixel color element 
levels can be performed by applying the correction pat- 
tern selection rule as described above with reference to 
Figures 30A, 30B, 31 A and 31 B. The color element 
level arrangement illustrated in Figure 32 is obtained by 
combining together the planes 2141-2144 illustrated in 
Figures 33A-33D while taking the highest color element 
level for each sut)-pixel. 

[0177] Figure 34 illustrates an exemplary adjust- 
ment of the line width of a character by adjusting the 
width of the basic portion of the character on a sub-pixel 
by sub-pixel basis. In Figure 34, the color element level 
of each sub-pixel corresponding to the basic portion of 
the character is set to level 7. 

[0178] In the example illustrated in Rgure 34. the 
width of the basic portion of the character designated 
"Thin" is equal to the width of one sub-pixel, the width of 
the basic portion of the character designated "Medium" 
is equal to the width of two sub-pixels, and the width of 
the basic portion of the character designated "BokJ" Is 
equal to the width of three sub-pixels. 
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[0179] For example, the line width information indi- 
cating the line width of the character may be input in 
step S2001 of Figure 29A from the input device 30 to 
the control section 29. In steps S2006 and S2007 of Fig- 
ure 29A, a straight line or curve may be generated 
according to the input line width information of the char- 
acter, defining the sub-pixels along the straight line or 
curve as corresponding to the basic portion of the char- 
acter 

[0180] Figure 35 illustrates an exemplary adjust- 
ment of the line width of a character by adjusting the 
connection pattern in the connection table 42e. in Figure 
35. the color element level of each sub-pixel corre- 
sponding to the basic portion of the character is set to 
level 7. 

[0181] In each of the examples illustrated in Figure 
35, the width of the basic portion of the character is 
equal to the width of one sub-pixel. However, the line 
width of the character increases as the value of "weight 
N" increases. 

[0182] The color element level of each sub-pixel 
adjacent to a sub-pixel corresponding to the basic por- 
tion of the character is determined according to tiie cor- 
rection pattem 1 or the correction pattern 2. As 
Illustrated in Rgure 36. each of the correction patterns 1 
and 2 may be divided into five patterns, i.e., weight 1 to 
weight 5, so that one of weight 1 to weight 5 can be 
selected according to the line width of the character, 
thereby adjusting the line width of the character. 
[0183] For example, the line width information indi- 
cating the line width of the character may be input in 
step S2001 of Figure 29A from the input device 30 to 
the control section 20. In step S2009 of Figure 29A. one 
of weight 1 to weight 5 of the correction pattern 1 or one 
of weight 1 to weight 5 of the correction pattern 2 may 
be selected according to the input line width information 
of the character, so that the color element level of each 
sub-pixel adjacent to a sub-pixel corresponding to the 
basic portion of the character may be set according to 
the selected con-ection pattern. 
[0184] Figure 37 illustrates an example of a correc- 
tion tat>le 21 80 as a variation of the connection table 42e. 
WhBi characters of various sizes are all generated by 
using the same correction pattern, a stroke of a larger- 
size character may appear to be thinner than that of a 
smaller-size character. By selecting an appropriate cor- 
rection pattern according to tiie size of the character, it 
is possible to suppress variations in the width of a stroke 
dependent upon the size of the character. 
[0185] In tiie example illustrated in Figure 37. three 
different correction patterns are provided respectively 
for a character size range of less than 20 dots, a charac- 
ter size range of 21 -32 dots, and a character size range 
of 33-48 dots. Thus, by selecting a correction pattern 
appropriate for the character size, it is possible to sup- 
press variations in the width of a stroke. The variations 
in the width of a stroke may be f urtiier suppressed by 
dividing the character size range into a larger nurrtber of 



smaller ranges. 

[0186] For example, tiie con-ection pattern of the 
correction table 2180 may be used in step S2009 of Fig- 
ure 29A. 

5 [0187] In Embodiment 1, the generation of a char- 
acter pattern bas^ on an outiine font is described. The 
generation of a character pattern based on skeleton 
data desaibed in Emtx)diment 2 has advantages over 
tiie generation of a character pattern based on an out- 

10 line font. The advantages will now be described with ref- 
erence to Rgure 38. 

[0188] In tiie generation of a character pattern 
based on an outline font, a real number calculation is 
used when scaling the outline data of a character 

15 according to tiie output character size. Thus, an outiine 
2191 of the scaled character might extend over a grid. 
The term "grid" as used herein refers to the boundary 
between two adjacent pixels. In such a case, the color 
element level of each sub-pixel corresponding to a basic 

20 portion 2192 of the character defined by the outline 
2191 of the character is not set to the maximum color 
element level (in this example, level 7). As a result, tiie 
basic portion 2192 of the character is displayed in a 
gray-scale color. 

25 [0189] On the other hand, in the generation of a 
character pattern bas^ on skeleton data, tiie skeleton 
data itself does not have any thickness or width. There- 
fore, scaled skeleton data 2193 would never extend 
over a grid, unlike tiie case of a scaling operation from 

30 an outline font. A basic portion 21 94 of the character is 
defined based on tiie scaled skeleton data 2193. The 
color element level of each sub-pixel corresponding to 
tiie basic portion 21 94 of the character is set to the max- 
imum color element level (in tiiis example, level 7). 

35 Thus, according to tiie generation of a character pattern- 
based on skeleton data, tiie character pattern necessar- 
ily includes a portion which is set to the maximum color 
element level. As a result, it is possible to clearly display 
the character. 

40 [0190] As described above, it is possible to more 
clearly display a character by first defining tiie basic por- 
tion of tiie character based on scaled skeleton data and 
then determining the line width of the character, than by 
first determining tiie line widtii of tiie character using the 

45 outline of the character and then performing a scaling 
operation. 

[0191] Referring to Figure 39, a correction of the 
t)asic portion of a character in the case where scaled 
skeleton data 2201 represents a straight line extending 

so in an oblique direction will now be described. 

[0192] A basic portion 2202 of the character is 
defined based on the scaled skeleton data 2201. The 
basic portion 2202 of the character includes a portion 
2202a and a portion 2202b which are laterally continu- 

55 ous and verticaliy offset from each otiier. Each of the 
portions 2202a and 2202b Includes a plurality of sub- 
pixels (e.g.. three or more sub-pixels). The color ele- 
ment level of each sub-pixel con-esponding to the basic 
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portion 2202 of the character is set to the maximum 
color element level (In this example, level 7). The color 
element level of each sub-pixel adjacent to a sub-pixel 
corresponding to the basic portion 2202 of the character 
is set according to the correction pattern 1 or the correc- 5 
tion pattern 2 of the correction table 42e. When the por- 
tions 2202a and 2202b which are set to the maximum 
color element level are laterally continuous and verti- 
cally offset from each other as in the basic portion 2202. 
the straight line extending in an oblique direction is 10 
unlikely to appear as a uniform straight line. 
[01 93] In order to improve this, it is preferred to cor- 
rect the basic portion 2202 of the character to a basic 
portion 2203. The basic portion 2203 of the character is 
obtained by setting the color element level of each of is 
sub-pixels 2202c and 2202d. which are located at the 
junction between the portions 2202a and 2202b in the 
basic portion 2202 to the minimum color element level 
(in this example, level 0). The basic portion 2203 of the 
character includes a portion 2203a and a portion 20 
2203b. After the basic portion 2202 of the character is 
corrected to the basic portion 2203. the color element 
level of each sub-pixel adjacent to a sub-pixel corre- 
sponding to the basic portion 2203 of the character is 
determined. 25 
[0194] Thus, when the sub-pixel arrangement cor- 
responding to the basic portion of a character forms a 
particular pattern, the color element level of one or more 
sub-pixels corresponding to the basic portion of the 
character is conrected so as to divide the basic portion 30 
of the character into at least two portions. In this way. it 
is possible to prevent black bleeding from occurring in 
the middle of a straight line. The term 'black bleeding" 
as used herein refers to a phenomenon where a stroke 
having a certain wklth (area) is visually observed as 35 
having a greater width (area) when the stroke crosses 
with, or is too close to, another stroke. As a result, it is 
possible to display a obliquely-extending straight line as 
a uniform straight line. 

[01 95] Rgure 40 illustrates an example of a congee- 40 
tion table 2210 as a variation of the con-ection table 42e. 
The correction pattern of the con-ection table 2210 is 
suitably defined for the sl^leton data 42d (Figure 23) 
which represents the skeleton shape of the Chinese 
character 45 



stroke #4. 

[0196] The conection pattern 2213-1 is applied 
between point 1 and point 2 of stroke #3. the con-ection 
pattern 221 3-2 is applied between point 2 and point 3 of 
stroke #3. the con-ection pattern 2213-3 is applied 
between point 3 and point 4 of stroke #3. and the cor- 
rection pattern 2213-4 is applied between point 4 and 
point 5 of stroke #3. The correction patterns 2214-1 to 
2214-4 are applied in a similar manner. 
[0197] Thus, by providing a conrectton pattern for 
each stroke of the skeleton data 42d representing the 
basic portion of a character, it is possible to perform a 
fine color element level correction suited for the charac- 
ter. As a result, it is possible display a character with a 
better quality. 

[01 98] The correction pattern of the correction table 
2210 may be used, for example, in step S2009 of Figure 
29A. 

[01 99] In the correction table 221 0, only one set of 
correction patterns is defined for each stroke of the skel- 
eton data 42d. Alternatively, a plurality of sets of correc- 
tion patterns may be defined for each stroke. In such a 
case, for example, one of the sets of correction patterns 
is selectively used according to the rule for arranging a 
selected con-ection pattern as described above with ref- 
erence to Figures 30A. 30B. 31 A and 31 B. 
[0200] Figure 41 illustrates an example where the 
color element levels of ttie sub-pixels corresponding to 
the Chinese character 



are set by using the correction table 2210 illustrated in 
Figure 40. In Figure 41. the color element level of each 
blank sub-pixel is level 0. 

[0201 ] Figure 42 illustrates an exanple of a correc- 
tion table 2230 as a variation of the correction table 42e. 
The correction pattern of ttie correction table 2230 is 
suitably defined tor the skeleton data 42d which repre- 
sents a 'Tien" radical of the Chinese character 



Specifically, a con-ection pattem 221 1 (4, 2, 1 ) is defined so 
for stroke #1. a correction pattern 2212 (5, 4, 2, 1) is 
defined for stroke #2. a con-ection pattern 2213-1 (6. 4. 
2. 1). a con-ection pattern 2213-2 (6. 4, 2. 1). a con-ec- 
tion pattern 2213-3 (6. 4. 2. 1). and a correction pattern 
2213-4 (5. 3. 1) are defined for stroke #3. a correction ss 
pattern 2214-1 (6. 4. 2. 1), a conection pattern 2214-2 
(6, 4, 2, 1). a confection pattern 2214-3 (6. 4. 2. 1), and 
a correction pattern 2214-4 (5. 3. 1) are defined for 



[0202] Thus, by providing a correction pattern for 
each Chinese character radical, it is possible to perform 
a fine color element level con-ection suited for the Chi- 
nese character radical. This has an advantage over the 
case where a correction pattern is provided for each 
Chinese character in that a correction pattem provkJed 
for each Chinese character radical can be shared by a 
number of Chinese characters, thereby reducing the 
memory capacity required for storing the con-ection pat- 
terns. 
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[0203] The correction pattern of the correction table 
2230 may be used, for example, in step S2009 of Figure 
29A. 

[0204] Figure 43 illustrates an example where the 
color element levels of the subisixels corresponding to s 
the "hen" radical of the Chinese character 



10 



are set by using the correction table 2230 Illustrated in 
Figure 42. In Figure 43, the color element level of each 
blank sub-plxet is level 0. 

[0205] Figure 44 illustrates an example of a correc- is 
tion table 2250 as a variation of the correction table 42e. 
Each correction pattern of the correction iatAe 2250 is 
suitably defined for the number of strokes of the skele- 
ton data 42d which represents the skeleton shape of the 
character. Specifically, a correction pattern 1 (6, 4, 3. 2, 20 
1) and a correction pattern 2 (5. 4, 3, 2, 1) are defined 
for characters whose number of strokes is equal to or 
greater than 1 and less than or equal to 6, a correction 
pattern 1 (6, 4. 2, 1) and a correction pattern 2 (5, 4, 2, 
1) are defined for characters whose number of strokes 25 
is equal to or greater than 7 and less than or equal to 1 4. 
and a connection pattern 1 (5. 2. 1) and a correctbn pat- 
tern 2 (4. 2, 1) are defined for characters whose number 
of strokes is equal to or greater than 15. — 
[0206] Thus, by selectively using an appropriate 30 
connection pattern according to the number of strokes of 
the stroke data, there is provided the following advan- 
tages. First, it is possible to prevent a character with less 
strokes from appearing to be thinner than a character 
with more strokes. Moreover, it is possible to provide an 3S 
appropriate correction pattern even for characters with a 
large number of strokes. Such an effect-ean be made 
even more pronounced by dividing the number of stroke 
range into a larger number of smaller ranges. 
[0207] The correction pattern of the con-ection table 40 
2250 may be used, for exanple, in step 82009 of Figure 
29A. 

[0208] Figure 45 illustrates an example of a con-ec- 
tion table 2260 as a variation of the conrection table 42e. 
The con-ection pattern of the correction table 2260 is 45 
suitably defined for the inclination angle of a stroke of 
the skeleton data 42d which represents the skeleton 
shape of the character. Specifically, a correction pattern 
(3, 2} is defined for a stroke whose inclination angle is 
0^, a con-ection pattern (6, 3, 2. 1 ) is defined for a stroke so 
whose inclination angle is greater than O"" and less than 
or equal to 30^, a correction pattern (5. 3. 2) is defined 
for a stroke whose inclination angle is greater than 30*" 
and less than or equal to 45*". a correction pattern (6. 3. 
1) is define for a stroke whose inclination angle is ss 
greater than 45*' and less than or equal to 60°. and a 
connection pattern (4, 2, 1) is defined for a stroke whose 
inclination angle is greater than 60*" and less than or 



equal to 90*'. 

[0209] Thus, by selectively using an appropriate 
correction pattern according to the inclination angle of a 
stroke of the skeleton data, it is possible to display a 
character with a high quality. It is possible to display a 
character with an even better quality by dividing ttie 
range of inclination angle of the skeleton data stroke 
into a larger number of smaller ranges. 
[021 0] The conrection pattern of the correction table 
2260 may be used, for example, in step 82009 of Figure 
29A. 

[021 1 ] Figure 46 illustrates an example of a correc- 
tion table 2270 as a variation of the connection table 42e. 
The correction patterns of the correction table 2270 are 
suitably defined both for a case where the distance 
between two portions of the basic portion of the charac- 
ter is large (Example A in Figure 47) and for a case 
where the distance between two portions of the basic 
portion of the character is small (Example B in Figure 
47). Specifically, the normal correction pattern 1 or the 
normal correction pattern 2 of ttie conrection table 2270 
is used for Example A In Figure 47. As a result, the color 
element levels of the sub-pixels are set as illustrated in 
Example A* in Figure 47. On the other hand, the special 
correction pattern 1 of the special correction pattern 2 of 
the correction table 2270 is used for Example B in Fig- 
ure 47. As a result, the color element levels of tiie sub- 
pixels are set as illustrated in Example B* in Rgure 47. 
[0212] Thus, by selectively using an appropriate 
correction pattern according to the "density" of the basic 
portion of the character. It is possible to display a char- 
acter with a high quality. 

[021 3] The con-ection pattern of the correction table 
2270 may be used, for exanple, in step 82009 of Figure 
29A. 

(Embodiment 3) — 

[0214] Figure 15C illustrates a structure of a char- 
acter display apparatus lc according to Embodiment 3 
of the present invention. — 
[0215] Elements in Figure 15C having like refer- 
ence numerals to those shown in Rgure 1 5B will not fur- 
ther be described. 

[0216] Figure 29B illustrates a procedure for 
processing a character display program 41c which is 
used where an auxiliary pattern is set which represents 
a feature of a character deface based on the shape of 
a stroke. The character display program 41c is executed 
by the CPU 21 . Each step in tiie procedure for process- 
ing the character display program 41c will now be 
descrik>ed. 

[021 7] Step S3001 : A character code and a charac- 
ter size are input tiirough tiie input device 30. For exam- 
ple, when displaying a Chinese character 
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on the display device 10. "4458" (a JIS character code: s 
section 44, point 58) is ir^ut as the character code. The 
character size is represented by, for example, the 
number of dots of the character to be displayed along 
the horizontal direction and that along the vertical direc- 
tion. The character size is. for example. 20 dots x 20 w 
dots. 

[0218] Step S3002: The skeleton data 42d for the 
character con^esponding to the input character code is 
stored in the main memory 22. 

[0219] Step S3003: The coordinate data 2307 of is 
the skeleton data 42d is scaled according to the input 
character size. The scaling operation converts the pre- 
determined coordinate system for the coordinate data 
2307 of the skeleton data 42d into the actual pixel coor- 
dinate system for the display device 10. The scaling 20 
operation is performed taking the sub-pixel an-ange- 
ment into consideration. For exanrple. where each pixel 
12 includes three sub-pixels 14R, 14G and 14B 
arranged along the X direction, as illustrated in Figure 
21 , if the character size is 20 dots x 20 dots, the coordi- 25 
nate data 2307 of the skeleton data 42d is scaled to 
data of 60 (=20x3) pixels x 20 pixels. 
[0220] Step 83004: Data (stroke information 2303) 
for each stroke is retrieved from the skeleton data 42d. 
[0221] Step 83005: It is determined whether the 30 
stroke is a straight line based on the data (stroke infor- 
mation 2303) for the stroke which has been retrieved in 
step 83004. Such a determination is done by referenc- 
ing the line type 2306 included in the stroke information 
2303. If the determination of step S3005 is "Yes", the 3S 
process proceeds to step 83006. If the determination of 
step 83005 is "No", the process proceeds to step 
83007. 

[0222] Step S3006: The points defined by the 
scaled coordinate data 2307 are connected together 4o 
with a straight line. The sub-pixels arranged along the 
straight line are defined as con^esponding to the basic 
portion of the character. Thus, the basic portion of the 
character is defined on a sufc>-pixel by sub-pixel basis. 
[0223] Step S3007: The points defined by the 45 
scaled coordinate data 2307 are approximated with a 
curve. The curve may be, for example, a spline curve. 
The sub-pixels arranged along the curve are defined as 
corresponding to the basic portion of the character. 
Thus, the basic portion of the character is defined on a so 
sub-pixel by sub-pixel basis. 

[0224] Step 83081 : The color element level of each 
sub-pixel conresponding to the basic portion of the char- 
acter is set to the maximum color element level. For 
example, where the color element level of a sub-pixel Is 55 
represented through eight levels, i.e.. level 7 to level 0. 
the color element level of each sub-pixel which corre- 
sponds to the basic portion of the character is set to 




level 7. 

[0225] Step 83082: The same process as that in 
step 83081 is performed. 

[0226] Step 83021: H is detemiined whether the 
stroke is a vertical line (i.e., a straight line substantially 
parallel to the Y direction (see Figure 21 )). Such a deter- 
mination is done by referencing the coordinate data 
2307 included in the stroke information 2303. For exam- 
ple, the stroke is determined to be a vertical line if the 
difference between the X coordinate of one end of the 
stroke and the X coordinate of the other end of the 
stroke is less than or equal to a predetermined value. 
[0227] If the determination of step 83021 is Ves". 
the process proceeds to step 83023. If the determina- 
tion of step S3021 is "No**, the process proceeds to step 
83022. 

[0228] Step 83022: It is detenmined whether the 
stroke is a horizontal line (i.e., a straight line substan- 
tially parallel to the X direction (see Figure 21)). Such a 
determination is done by referencing the coordinate 
data 2307 included in the stroke information 2303. For 
example, the stroke is determined to be a horizontal line 
if the difference between the Y coordinate of one end of 
the stroke and the Y coordinate of the other end of the 
stroke is less than or equal to a predetermined value. 
[0229] If the determination of step 83022 is "Yes", 
the process proceeds to step 83024. If the determina- 
tion of step S3022 is "No", the process proceeds to step 
83009. 

[0230] Step 83023: The color element level of at 
least one sub-pixel adjacent to a sub-pixel correspond- 
ing to the basic portion of the character along the X 
direction (i.e.. along the direction in which the sub-pixels 
14R. 14G and 14B are ananged (see Figure 21)) is set 
to one of level 6 to level 0. For a vertical stroke, the color 
element level of predetermined one or ones of adjacent 
sub-pixels is set to a particular color element level. For 
example, the color element level of two sub-pixels which 
are adjacent to the right side of the basic portion of the 
character at the upper end of the vertical stroke Is set to 
level 6. This means that an auxiliary pattern (6. 6) is 
arranged in a predetermined position on the right side of 
the bask: portion of the character. Th.e auxiliary pattern 
represents a feature of a particular character typeface 
(e.g., "i\/1incho typeface"). 

[0231] Step 83024: The color element level of at 
least one sub-pixel adjacent to a sub-pixel conrespond- 
ing to the basic portion of the character along the Y 
direction (i.e., perpendicular to the direction in which the 
sub-pixels 14R. 14G and 14B are arranged (see Figure 
21)) is set to one of level 6 to level 0. For a horizontal 
stroke, the cobr element level of predetermined one or 
ones of adjacent sub-pixels is set to a particular color 
element level. For example, the color element level of a 
sub-pixel which is adjacent to the upper side of the 
basic portion of the character at the second rightmost 
position along the horizontal stroke is set to level 6. This 
means that an auxiliary pattern (6) is arranged in a pre- 
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determined position on the upper side of the basic por- 
tion of the character. The auxiliary pattern represents a 
feature of a particular character typeface (e.g.. "iVlincho 
typefoce"). 

[0232] Step S3009: The color element level of each s 
subiDixel arranged in the vicinity of a sub-pixel corre* 
sponding to the basic portion of the character is set to 
one of level 6 to level 0 according to a predetermined 
correction pattern selection rule. Where an auxiliary 
pattern is provided, the color element level of each sub- to 
pixel arranged in the vicinity of a sub-pixel correspond- 
ing to the auxiliary pattern is set to one of level 6 to level 
0 according to a predetermined correction pattern 
selection rule. Each level 0 in an auxiliary pattern can be 
overwritten with one of level 6 to level 1 of the predeter- is 
mined correction pattern. The details of the predeter- 
mined correction pattern selection rule are as described 
above with reference to Figures 30A, 30B. 31 A and 
31 B. Such setting of the color element level is done by 
using, for example, the correction table 42e stored in the 20 
auxiliary storage apparatus 40. 
[0233] Step S3010: It is determined whether steps 
S3003-S3009 have been performed for ail of the strokes 
included in the character. If "No**, the process returns to 
step S3003. If **Yes", the process proceeds to step 2s 
33011. 

[0234] Step 8301 1 : The color element level of each 
sub-pixel is converted to a brightness level. Such a con- 
version is performed by using, for example, the bright- 
ness table 42c stored in the auxiliary storage apparatus 30 
40. 

[0235] Step S3012: Brightness data indicating the : 
brightness level of each sub-pixel is transferred to the 
display device 10. Thus, the brightness level of the dis- 
play device 10 is controlled on a sub-pixel by sub-pixel 35 
basis. 

[0236] Thus, it is possible to render a feature of a 
particular character typeface by arranging an auxiliary 
pattern representing the feature of the character type- 
face to be adjacent to the basic portion of the character 40 
according to whether the etroke is a vertical line or a 
horizontal line and by an-anging a correction pattern to 
be adjacent to the basic portion of the character or the 
auxiliary pattern. 

[0237] Figures 50A to 50C illustrate an exemplary 4S 
arrangement of an auxiliary pattern and a correction 
pattern for a vertical stroke. In Figures 50A to 50C. each 
number denotes the color element level of a sub-pixel. 
The vertical stroke defines the basic portion of a charac- 
ter. Rrst the color element level of each sub-pixel corre- so 
sponding to the basic portion of the character is set to 
level 7 (Figure 50A). Then, an auxiliary pattern (6, 6) is 
arranged in a predetermined position on the right side of 
the basic portion of the character at the upper end 
thereof (Figure SOB). Then, a correction pattern (4. 2. 1) 55 
is arranged from the sub-pixel closest to the basic por- 
tion of the character or the auxiliary pattern to the far- 
thest one therefrom (Rgure 50C). 
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[0238] Figures 51 A to SIC illustrate an exemplary 
arrangement of an auxiliary pattern and a correction 
pattern for a horizontal stroke. In Figures 51 A to SIC. 
each number denotes the color element level of a sub- 
pixel. The horizontal stroke defines the basic portion of 
a character. First, the color element level of each sub- 
pixel corresponding to the basic portion of the character 
is set to level 7 (Figure 51 A). Then, an auxiliary pattern 
(6) is anranged in a predetermined position on the upper 
side of the basic portion of the character at the right end 
thereof (Figure 51 B). Then, a correction pattern (4, 2, 1) 
is an-anged from the sub-pixel closest to the basic por- 
tion of the character or the auxiliary pattern (6) to the 
farthest one therefrom (Figure SIC). 
[0239] Figure S4A illustrates an exemplary arrange- 
ment of an auxiliary pattern and a conection pattern for 
the vertical stroke (stroke #2 shown In Figure 24) and 
the horizontal stroke (stroke #1 shown in Figure 24) of 
the Chinese character 



[0240] When arranging an auxiliary pattern in the 
vicinity of the basic portion of the character, the con-ec- 
tion pattern arrangement rule described above with ref- 
erence to Figures 30A. 30B, 31 A and 31 B may be 
applied, while siibstituting the phrase Ihe basic portion 
of the character" with "the basic portion bf a character or 
a portion of an auxiliary pattern which is not level 0". 
[0241] Figure 2SC illustrates a- procedure for 
processing a character display program 41 d which is 
used where an auxiliary pattern is set which represents 
a feature of a character typeface based on a typeface 
attribute table 42i The character display program 41 d is 
executed by the CPU 21. Steps shown in Rgure 2SC 
which are similar, and have like reference numerals, to 
those shown in Rgure 29B will not further be described. 
[0242] The typeface attrtoute table 42if Is stored in 
the auxiliary storage apparatus 40 as a part of the data 
42. Accordingly, a character display apparatus Id for 
executing the character display program 41(8 of Rgure 
23C has a structure as illustrated in Figure 15D. 
[0243] Figure 48 illustrates a structure of the type- 
face attribute table 42f stored in the auxiliary storage 
apparatus 40. 

[0244] The typeface attrbute table 42f defines the 
position of an auxiliary pattern representing a feature of 
the character typeface with respect to each stroke of the 
character. The typeface attribute table 42if includes a 
character code 3601 for identifying the character and 
stroke information 3610 for each stroke. 
[0245] The stroke information 3610 for each stroke 
includes a stroke number 3602 for identifying the stroke, 
one or more auxiliary pattern set 3604. and data 3603 
indicating the number of the auxiliary pattern sets 3604. 
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[0246] Each auxiliary pattern set 3604 includes a 
coordinate number 3605, an arrangement direction flag 
3606. an an-angement position flag 3607. one or more 
auxiliary patterns 3609 each representing a feature of 
the character typeface, and data 3608 indicating the 
nunrt^er of the auxiliary patterns 3609. 
[0247] The coordinate number 3605 indicates a 
number (1 , 2. 3, ...) which is assigned to the coordinate 
data 2307 Included in the skeleton data 42d which 
serves as the reference for the position where the auxil- 
iary pattern is an-anged. 

[0248] Tlie arrangement position flag 3607 indi- 
cates the positional relationship between the stroke and 
the auxiliary pattern 3609. The arrangement position 
flag 3607 indicates one of "Right", "Upper". "Left" and 
"Lower". The an^angement position flag 3607 indicating 
"Right" means that one or more auxiliary pattern 3609 is 
arranged on the right side of the stroke. The arrange- 
ment position flag 3607 indicating "Upper" means that 
one or more auxiliary pattern 3609 is arranged on the 
upper side of the stroke. The arrangement position flag 
3607 indicating "Left" means that one or more auxiliary 
pattern 3609 is arranged on the left side of the stroke. 
The arrangement position flag 3607 indicating "Lower" 
means that one or more auxiliary pattern 3609 Is 
arranged on the lower side of the stroke. 
[0249] Where the arrangement position flag 3607 
indicates "Left" or "Right", the arrangement direction 
flag 3606 indicates the direction in which one or more 
auxiliary pattern 3609 are arranged with respect to the 
direction of the stroke. In this case, values equal to or 
greater than 1 which are included in the auxiliary pattern 
3609 are arranged from the sub-pxel closest to the 
stroke to the farthest one from the stroke. Where the 
arrangement position flag 3607 Indrcates "Upper" or 
"Lower", the an^angement direction flag 3606 indicates 
the direction in which values equal to or greater than 1 
included in the auxiliary pattern 3609 are anranged with 
respect to the direction of the stroke. In this case, the 
one or more auxiliary patterns 3609 are arranged from 
the sub-pixel closest to the stroke to the farthest one 
from the stroke. The an-angement direction flag 3606 
indicates either one of "Forweud (direction)" or "Reverse 
(direction)". 

[0250] Each auxiliary pattem 3609 may be. for 
example, expressed as (0. 6). (6. 6, 6), etc. The auxiliary 
pattern (0, 6) indicates that the color element levels of 
two sUb-plxels adjacent to each other along the X direc- 
tion are set to level 0 and level 6. respectively The aux- 
iliary pattern (6. 6. 6) indicates that the color element 
levels of three sub-pixels adjacent to one another along 
the X direction are all set to level 8. 
[0251] Rgure 49 Illustrates a typeface attribute 
table 3600 as an example of the typeface attribute table 
42ff stored in the auxiliary storage apparatus 40. The 
typeface attribute table 3600 defines a feature of a par- 
ticular typeface (e.g., "Mincho typeface") of the Chinese 
character 
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[0252] Referring to Figure 29C. in step 83008. the 
color element level of each sub-pixel corresponding to 
the basic portion of the character is set to the maximum 
color element level. For example, where the color ele- 

10 ment level of a sub-pixel is represented through eight 
levels, i.e.. level 7 to level 0. the color element level of 
each sub-pixel which corresponds to the basic portion 
of the character is set to level 7. 
[0253] In step S3031. the color element level of at 

IS least one sub-pixel adjacent to a sub-pixel correspond- 
ing to the basic portion of the character is set to one of 
level 6 to level 0 based on the typeface attribute table 
42f. The position where the auxiliary pattern 3609 is 
arranged with respect to the k^asic portion of the charac- 

20 ter is pre-defined in the typeface attribute table 42f. 
[0254] Thus, it is possible to render a feature of a 
particular character typefece by ananging an auxiliary 
pattern representing the feature of the character type- 
face to be adjacent to the basic portion of the character 

25 based on the typeface attribute iatUB 42f and by arrang- 
ing a correction pattern to be adjacent to the basic por- 
tion of the character or the auxiliary pattern. 
[0255] Figures 52A to 52C illustrate an exemplary 
arrangement of an auxiliary pattern and a con-ection 

30 pattern for stroke #1 of the Chinese character 



35 In Rgures 52A to 520, each number denotes the color 
element level of a sub-pixel. The stroke #1 defines the 
basic portion of a character. Rrst. the color element 
level of each sub-pixel corresponding to the t>asic por- 
tion of the character is set to level 7 (Figure 52A). Then. 

40 based on the typeface attribute table 3600 (Figure 49). 
an auxiliary pattern (0, 6) is arranged on the upper side 
of stroke #1 in the reverse direction starting from coordi- 
nate data 2 of stroke #1 (i.e., from the rfghtr lost point to 
the leftmost point of stroke #1) (Figure 52 B). Then, a 

45 correction pattern (4. 2, 1) is arranged from the sub- 
pixel closest to the basic portion of the character or the 
auxiliary pattern (0. 6) to the farthest one therefrom 
(Figure 520). 

[0256] Figures 53A to 530 illustrate an exemplary 
50 arrangement of an auxiliary pattern and a correction 
pattem for stroll #4 of the Chinese character 
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In Figures 53A to 530, each number denotes the color 
element level of a sub-pixel. The stroke #4 defines the 



24 



JDOCID: <EP 1026669A2J_> 



47 



EP1026 659 A2 



basic portion of a character. First, the color element 
level of each sub-pixel corresponding to the basic por- 
tion of the character is set to level 7 (Figure 53A). Then, 
based on the typeface attribute table 3600 (Figure 49), 
auxiliary patterns (6, 6, 6) and (6, 6) are an^anged on the 
left side of stroke #4 in the reverse direction starting 
from coordinate data 5 of stroke #4 (i.e., from the lower 
right point to the upper left point of stroke #4) (Figure 
53B). Then, a correction pattern (5. 2, 1) or (4, 2. 1) is 
arranged from the sub-pixel closest to the basic portion 
of the character or the auxiliary patterns (6, 6, 6) and (6, 
6) to the farthest one therefrom (Figure 53C). 
[0257] Figure 54B illustrates an example where 
auxiliary patterns and correction patterns are arranged 
for strokes #1-#4 of the Chinese character 



based on the typelace attribute table 3600 (Figure 49). 
In the Chinese character 



10 



IS 



20 



pixel. 

10259] Where the. variable range of the character 
size (the number of dots) for display on the display 
device 1 0 is relative wide, it is preferred to have a plural- 
ity of typeface attribute tables so that one of the type- 
face attribute tables can be selectively used according 
to the selected character size. 
[0260] Figure 55 illustrates a structure of the type- 
iace attribute table 42f which is used in the case where 
one of a plurality of typelace attribute tables is selec- 
tively used according to the selected character size. In 
the example illustrated in Figure 55, the typeface 
attribute table #1 is selected for a character size of less 
than or equal to 20 dots, the typeface attribute table #2 
is selected for a character size of equal to or greater 
than 21 dots and less than or equal to 32 dots, and the 
type^ce attribute table #3 is selected for a character 
size of equal to or greater than 33 dots and less than or 
equal to 48 dots. 

[0261] The structure of each of the typeface 
attribute tables #1 -#3 is the same as that of the typeface 
attribute table 42f illustrated in Figure 48. 
[0262] Figure 56 illustrates examples of the type- 
face attribute tables #1-#3 for the Chinese character 



25 



as shown in Figure 54B, auxiliary patterns can be 
an^anged independently for strokes #1-#4. Therefore, in 
the Chinese character — 



shown in Figure 548, as compared to that shown in Fig- 
ure 54A, the feature of the typeface of the Chinese char- 
acter 



30 



35 



[0263] Figure 57A illustrates a color element level 
an-angement where the Chinese character 



is displayed in a size of 32 dots x 32 dots. Figure 57B 
illustrates an example where the feature of the typeface 
of the Chinese character I 



*40 



is more clearly rendered. The Chinese character 



is added to the 32x32-dot Chinese character 



shown in Figure 54B is more desirable than that shown 
in Figure 54A because, for example. It better renders 
the "harai stroke" (in calligraphy, a Mvay to end a stroke 
with a swish) at the end of stroke #4. 
[0258] The color element level arrangements illus- 
trated in Figures 54A and 54B are obtained by combin- 
ing together the respective color element level 
arrangements for the various strokes included in the 
skeleton data 42d. When there are two or more different 
color element levels set for a sub-pixel, the highest one 
of those color element levels is selected for that sub- 



so 
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shown in Figure 57A by using the typeface attribute 
table #2 shown in Figure 56. Figure 57C illustrates an 
exanple where the feature of the typeface of the Chi- 
nese character 



is added to the 32x32-dot Chinese character 
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Shown in Figure 57A by using the typeface attribute 
table #1 shown in Rgure 56. Ck)mparison between Fig- 
ures 57B and 57C shows that the feature of the type- 
face of the Chinese character 



is rendered with a better quality in Figure 57B than in 
Figure 57C. This is because the color element level 
arrangement of Figure STB is obtained by using a type- 
face attribute table which is more suitable for the 
selected character size (32 dots x 32 dots). 
[0264] Rgure 58A illustrates a color element level 
arrangement where the Chinese character 



an^ngement of Rgure 588 is obtained by using a type- 
face attribute table whidi is more suitable for the 
selected character size (40 dots x 40 dots). 
[0265] Alternatively, a plurality of typeface attribute 

5 tables according to the character size may be provided 
for each character. In such a case, it is possible to 
render the feature of the character typefeice with an 
even better quality as compared to the case where a 
plurality of typeface attribute tables according to the 

10 character size are shared among all characters (or a 
particular set of characters). 

[0266] An exemplary method for smoothly adjusting 
the width of a vertical line (basic portion) of a character 
by placing various correction patterns along the respec- 
ts tive sides of the basic portion of the character will now 
be described with reference to Figures 59A to 59D. 
[0267] Rgure 59A illustrates an example where the 
color element level of each sub-pixel corresponding to 
tiie vertical line or tiie basic portion of tiie character 
20 (e.g., stroke #2 of the Chinese character 



is displayed in a size of 40 dots x 40 dots. Rgure 588 
illustrates an example where the feature of the typeface 
of tiie Chinese character 



is added to the 40x40-dot Chinese character 



shown in Figure 58A by using the typeface attribute 
table #3 shown in Figure 56. Figure 58C illusti-ates an 
example where the feature of the typefoce of the Chi- 
nese character 



is added to the 40x40-dot Chinese character 



shown in Figure 58A by using ttie typeface atti-ibute 
table #1 shown in Figure 56. Comparison between Fig- 
ures 588 and 58C shows tiiat the feature of the type- 
face of the Chinese character 



is rendered with a better quality in Figure 588 than in 
Figure 580. This is because tiie color element level 
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is set to level 7. witii a correction pattern (4, 2) being 
placed along each side of the basic portion from tiie 
sub-pixel closest to the basic portion of the character to 
tiie farthest sub-pixel therefrom. 
[0268] Similarly, Figure 598 illustrates an example 
where a correction pattern (5. 2. 1) is placed along each 
side of the basic portion of the character from tiie sub- 
pixel closest to the basic portion of the character to the 
fartiiest sub-pixel tiierefrom. Rgure 59C illustrates an 
example where a connection pattern (5. 3, 2) is placed 
along each side of the basic portion of the character 
from the sub-pixel closest to the basic portion of tiie 
character to the farthest sub-pixel therefrom. Rgure 
59D illustrates an example where a connection pattern 
(5, 4. 2. 1 ) is placed along each side of the basic portion 
of the character from the sub-pixel closest to tiie basic 
portion of the character to the farthest sub-pixel there- 
from. 

[0269] When the various connection patterns are 
placed along each side of the basic portion of the char- 
acter, as shown in Figures 59A to 59D, the vertical line 
of the character appears to t>ecome bolder in a smootii 
manner from Rgure 69A to Figure 59D. In this way, It is 
possible to change the apparent width of a character 
stroke without changing the width of the basic portion of 
the character. 

[0270] An exemplary method for smoothly adjusting 
the width of a horizontal line (basic portion) of a charac- 
ter by placing various correction patterns along tiie 
respective sides of the basic portion of the character will 
now be described with reference to Rgures 60A to 60D. 
[0271 ] Figure 60A illustrates an example where the 
color element level of each sub-pixel corresponding to 
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the horizontal line or the basic portion of the character 
(ag.. stroke #1 of the Chinese character 



is set to level 7, with a correction pattern (4, 2. 1) being 
placed at the left and right encte of the basic portion from 
the sub-pixel closest to the basic portion of the charac- io 
ter to the farthest sub-pixel therefrom. No correction 
pattern is placed on either the upper or lower side of the 
basic portion of the character. 

[0272] Figure 60B illustrates an example where the 
color element level of each subi3ixel along the upper is 
side of the basic portion of the character is set to level 3, 
while setting the respective color element levels of three 
sub-pixels along tiie upper side of the correction pattern 
(4, 2, 1) to (2. 1 , 0). respectively. The color element level 
of each of the sut^pixels along the upper side of the cor- so 
rection pattern (4. 2. 1) is set in such a manner that the 
ratio between the color element level of each of the sub- 
pixels along the upper side of the correction pattern (4, 
2. 1) and that of the corresponding one of tiie sub-pixels 
in the con-ectlon pattern (4, 2. 1 ) is sut)stantially equal to ss 
the ratio (7:3) between the color element level of the 
basic portion of the character and that of each sub-pixel 
along tiie upper side of the basic portion. When a non- 
integer color element level is obtained in the ratio-based 
calculation, an appropriate operation such as rounding- 30 
off may be performed so as to adjust the non-integer 
color element level to an integer value. 
[0273] Figure 60C illustrates an example where the 
color element level of each sub-pixel along the lower 
side of tfie basic portion of the character is set to level 3, 35 
while setting the respective color element levels of three 
sub-pixels along the lower side of the correction pattern 
(4, 2, 1) to (2, 1. 0). respectively. 
[0274] Figure GOD illustrates an example where the 
color element level of each sub-pixel along the upper 40 
and lower side of the basic portion of the character is set 
to level 3. while setting the respective color element lev- 
els of three sub-pixels along the upper and lower side of 
the correction pattern (4, 2, 1) to (2, 1, 0), re^ectively. 
[0275] When the color element levels of the sub- 4s 
pixels along the upper and/or lower side of tiie basic 
portion of the character and tiiose of the sub-pixels 
along the upper and/or lower side of each of tiie connec- 
tion patterns provided on tiie left and right of the basic 
portion of the character are set to predetermined levels, so 
as shown in Figures 60A to GOD. the horizontal line of 
the character appears to become bolder in a smooth 
manner from Figure 60A to Figure 608 or 60C. and to 
Figure GOD. In this way. it is possible to change the 
apparent width of a character sti-oke without changing ss 
the width of the basic portion of the character. 
[027G] The apparent widtii of the character stroke is 
the same in Figure GOB and in Figure GOC. However, the 
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horizontal line illustratoi in Figure GOB appears at a 
location slightiy higher than tiiat illustrated in Figure 
GOC. One of tiie horizontal lines of Figure GOB and ttiat 
of Figure GOC can be appropriately selected in view of 
the presence/absence of any adjacent stroke and/or tiie 
distance between strokes. For exanple, when the out- 
put character size is relatively small, tiie horizontal line 
of Rgure GOB may be used for the top horizontal stroke 
of a Chinese character 

and tiiat of Figure GOC for the bottom horizontal stroke 
thereof, thereby suppressing black bleeding or a 
squashed character. The term "squashed character" as 
used herein refers to a character which has become dif- 
ficult to recognize as a result of a reiiuction in the size of 
the character (i.e.. the number of dots used to display 
the character), or as a result of two or more strokes in 
the character crossing with each other or coming too 
close to each other, thereby excessively reducing tiie 
open space(s) in that character. 
[0277] The apparent central point of tiie horizontal 
line of Figure GOB is shifted slightly upward from that of 
Figure GOA. Therefore, when a character including such 
a horizontal line is underlined, the character is less sub- 
ject to the influence of the change In the central point 
due to the underline. 

[0278] An exemplary method for smoothly adjusting 
the width of a horizontal line (basic portion) of a charac- 
ter by adjusting the color element level of each sub-pixel 
along tiie upper side of the basic portbn of the charac- 
ter will now be described with reference to Rgures G1 A 
toGIC. 

[0279] Rgure G1 A illusti-ates an example where tiie 
color element level of each sub-pixel along the upper 
side of the basic portion of the character is set to level 2, 
while setting tiie respective color element levels of tiiree 
sub-pixels along the upper side of the correction pattern 
(4, 2, 1) to (1. 1. 0), respectively. 
[0280] Figure 61 B Illustrates an example where the 
color element level of each sub-pixel along the upper 
side of the basic portion of the character is set to level 5. 
while setting tiie respective color element levels of three 
sub-pixels along the upper side of the correction pattern 
(4. 2. 1) to (3. 1, 1), respectively. 
[0281 ] Figure 61 C illustrates an example where the 
color element level of each sub-pixel along the upper 
side of the basic portion of tiie character is set to level 6, 
while setting the respective color element levels of three 
sub-pixels along the upper side of the correction pattern 
(4. 2, 1) to (3, 2. 1). respectively 
[0282] When the color element level of each sub- 
pixel along the upper side of the basic portion of the 
character, as shown in Rgures 61 A to 61 C, the horizon- 
tal line of the character appears to become bolder in a 
smooth manner from Figure 61 A to Figure 61 C. In this 
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way, tt is possible to change the apparent width of a 
character stroke without changing the width of the basic 
portion of the character. 

[0283] In the exanple illustrated in Figures 61 A to 
61 C. the width of a character stroke Is adjusted by s 
adjusting only the color element level of each sub-pixel 
along the upper side of the t>asic portion of the charac- 
ter. Alternatively, the width of a character stroke can 
similarly be adjusted by adjusting the color element 
le\^el of each sub-pixel along the lower side of the basic io 
portion of the character. Alternatively, the width of a 
character stroke can similarly be adjusted by adjusting 
both the color element level of each sub-pixel along the 
upper side of the basic portion of the character and the 
color element level of each sub-pixel along the lower is 
side of the basic portion of the character. 
[0284] in Embodiment 3. the color element level of 
each sub-pixel corresponding to the basic portion of the 
character is set to the maximum color element level 
(e.g., level 7). However, there may be cases where it is 20 
preferable to set the color element level of a sub-pixel 
corresponding to the basic portion of the character to a 
color element level other than the maximum color ele- 
ment level. Such color element level setting may be 
done for suppressing black bleeding in a "dense" por- 25 
tion of the character. Such color element level setting 
may also be done for rendering a particular feature of a 
typeface such as the "streaking effect in a haral stroke". 
[0285] A basic portion table 42g is stored in the 
auxiliary storage apparatus 40 as a part of the data 42. 30 
Accordingly, a character display apparatus 1e which ref- 
erences the basic portion table 42g has a structure as 
illustrated in Figure 15E. 

[0286] Figure 62A illustrates a structure of the basic 
portion table 42g stored in the auxiliary storage appara- 35 
tus 40. The basic portion table 42g is used to determine 
the color element level of the basic portion of a charac- 
ter defined by each stroke Included in the character/rad- 
ical. The basic portion table 42g includes a 
character/radical code 3701 for identifying the charac- 40 
ter/radical and stroke information 3702 for each stroke. 
[0287] TTie stroke information 3702 for each stroke 
includes a stroke number 3703 for identifying the stroke 
and a color element level 3704 indicating the cotor ele- 
ment level of the basic portion corresponding to the line 4S 
along the points included in the stroke. The stroke 
number 3703 conresponds to the stroke number 2304 
(Figure 22) of the skeleton data 42d. 
[0288] Rgure 62B illustrates a basic portion table 
3700 corresponding to a "hen" radical of the Chinese so 
character 

- ■ 

55 

as an exanple of the basic portion table 42g. According 
to the basic portion table 42g illustrated in Figure 62B. 
the color element level of the basic portion of the char- 



acter corresponding to each of stroke #8 to stroke #13 
of the "hen" radical of the Chinese character 

is set to a level other than the maximum level (i.e.. level 
6 or level 5). In this way, it is possible to suppress black 
bleeding in a "dense" portion of the character. I.e.. the 
inside of the 

part or the "renga" portion (the four marks on the bot- 
tom). 

[0289] Figure 63 illustrates skeleton data 3800 rep- 
resenting the skeleton shape of the "hen" radical of the 
Chinese character 



as an example of the skeleton data 42d. The skeleton 
data 3800 includes 13 strokes, i.e.. stroke #1 to stroke 
#13. 

[0290] Figure 64 illustrates the skeleton data 3800 
representing the skeleton shape of tiie "hen" radical of 
the Chinese character 



as shown on a coordinate plane. In Figure 64, each 
number denotes a strote number. 
[0291 ] Figure 65A illustrates an example where the 
color element level of each sub-pixel of the basic portion 
corresponding to the "hen" radical of the Chinese char- 
acter 



is set to the maximum color element level (e.g.. level 7), 
with con-ection patterns being placed along the left side 
and the right side of the basic portion. Rgure 65B illus- 
trates an example where the color element level of a 
part of the basic portion corresponding to the "hen" rad- 
ical of the Chinese character 

is set to level 5 or level 6 based on the basic portion 
table 3700 (Figure 628). Thus, by setting the color ele- 
ment level of a part of tiie basic portion of the character 
to a lower level, it is possible to suppress black bleeding 
in a "dense" portion of the character. As a result, it is 
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possible to improve the black balance for the character 
as a whole. 

[0292] Figure 66 illustrates a basic portion table 
3900 corresponding to the Chinese character 



as an example of the basic portion table 42g. According io 
to the basic portion table 3900 illustrated in Rgure 66. 
the color element level of the basic portion of the char- 
acter corresponding to stroke #3. i.e., the "left harai 
stroke", of the Chinese character 

15 

is set to a level other than the maximum level (i.e.. level 
6 or level 5). In this way, it is possible to render the so 
unique feature of the typeface of the Chinese character 

25 

i.e., the "streaking effect' at the end of the left harai 
stroke". 

[0293] Figure 67A illustrates an example where the 
color element level of a part of the basic portion corre- 
sponding to the Chinese character 30 



is set to level 5 or level 6 based on the basic portion 
table 3900 (Figure 66). Figure 67B illustrates an exam- 
ple where a conrectlon pattern (4. 2. 1) or (5. 2, 1) is 
placed on the left skle and the right side of the basic 
portion of the character as illustrated in Figure 67A. 40 
Thus, by setting the color element level of a part of the 
basic portion of the character to a lower level, it Is pos- 
sible to suppress black bleeding. As a result, it is possi- 
ble to render a feature unique to a particular typeface, 
i.e.. the ''streaking effect" at the end of a "harai stroke". 45 
[0294] Embodiment 3 has been described above 
with regard to characters used in the Japanese lan- 
guage. However, the present invention is not limited 
only to the characters used in the Japanese language. 
The present invention is also applicable to characters so 
used in any other languages (e.g.. Chinese characters, 
characters used in various European languages. 
Hangui alphabets. Arabic alphabets) lor adjusting the 
width of a character stroke, rendering a feature of a par- 
ticular character typeface, and/or suppressing black ss 
bleeding. 

[0295] In the above-described embodiments, the 
brightness of a sub-pixel is controlled according to the 



color element level (e.g.. level 5 to level 0) associated 
therewith. Instead of controlling the brightness of a sub- 
pixel, it is alternatively possible to control one of the 
chroma, lightness, purity, and the like, associated with 
the color element. In such a case, instead of using the 
brightness tables 92. 94 and 96 illustrated in Figures 9 
to 11. respectively (or instead of using the tH'ightness 
tables 2070, 2080 and 2090 illustrated in Rgures 26 to 
28, respectively), the corresponding one of a chroma 
table indicating the relationship between the color ele- 
ment level and the chroma level of a sub-pixel, a light- 
ness table indicating the relationship between the color 
element level and the lightness level of a sub-pixel, and 
a purity table indicating the relationship between the 
color element level arKi the purity level of a sub-pixel. It 
is also within the scope of the present invention to con- 
trol a combination of two or more parameters (e.g.. the 
brightness, chroma, lightness, purity) associated with 
each color element according to the color element level 
(e.g.. level 5 to level 0) of the sub-pixel. 
[0296] According to the present invention, it is pos- 
sible to provide a character display apparatus and a 
character display method capable of displaying a char- 
acter with a high definition using a color display device, 
and a recording medium for use with such apparatus 
and method. 

[0297] According to the present invention, a plural- 
ity of color elements respectively corresponding to a 
plurality of sub-pixels. .are irxJependently controlled. 
Therefore, it is possible to perform a sub-pixel by sub- 
pixel control which is finer than the conventional pixel by 
pixel control. Moreover, by appropriately controlling the 
color element of a sub-pixel in the vicinity of a subiDixel 
corresponding to the basic portion of the character, 
colors of the character other than black can be made 
less conspicuous to a human eye. As a result, not only 
the outline of the character but also the character itself 
can be displayed with a high definition on a display 
device. 

[0298] Moreover, according to the present inven- 
tion, the basic portion of a character is defined based on 
skeleton data which represents the skeleton shape of a 
character. The color element level of a sub-pixel corre- 
sponding to the t}asic portion of the character is set to a 
predetermined color element level. Based on at least 
one correction pattern, the color element level of a sub- 
pixel adjacent to the sub-pixel corresponding to the 
basic portion of the character is set to a color element 
level other than the predetermined color element level. 
By independently controlling the color element levels of 
sub-pixels in this manner, it is possible to perform a sub- 
pixel by sub-pixel control which is finer than the conven- 
tional pixel by pixel control. As a result. It is possible to 
virtually increase the resolution of a character. Moreo- 
ver, by appropriately controlling the color element level 
of a sub-pixel adjacent to a sub-pixel con-esjsonding to 
the basic portion of the character, colors of the charac- 
ter other than black can be made less conspicuous to a 
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human eye. As a result, not only the outline of the char- 
acter but also the character itself can be displayed with 
a high definition on a display device. 
[0299] Furthermore, according to the present inven- 
tion, the color element level of at least one particular s 
sub-pixel con-esponding to the basic portion of a char- 
acter to be displayed on the display device is set to a 
predetermined color element level, while at least one of 
sub-pixels which is adjacent to the particular sub-pixel 
in a direction perpendicular to the sub-pixel arrange- io 
men! direction Is set to have a color element level other 
than the predetermined color element level. By inde- 3. 
pendently controlling the color element levels of sub- 
pixels in this manner, it is possible to perform a sub-pixel 
by sub-pixel control which is finer than the conventional is 
pixel by pixel control. As a result, it is possible to virtually 
increase the resolution of a character. Moreover, by 4. 
appropriately controlling the color element level of a 
sub-pixel adjacent to a sub-pixel corresponding to the 
basic portion of the character, colors of the character 20 
other than black can be made less conspicuous to a 
human eye. As a result, not only the outline of the char- 
acter but also the character itself can be displayed with 5. 
a high definition on a display device. 
[0300] Varbus other modifications will be apparent 2S 
to and can be readily made by those skilled in the art 
without departing from the scope and spirit of this inven- 
tion. Accordingly, it is not intended that the scope of the 
claims appended hereto be limited to the description as 
set forth herein, but rather that the claims be broadly 30 6. 
construed. 

Claims 

1 . A character display apparatus, comprising: 35 

a display device having a plurality of pixels; and 

a control section for controlling the display 7. 

device, wherein: 

each of the pixels includes a plurality of sub- 40 
pixels ananged along a predetermined direc- 
tion; 

a corresponding one of a plurality of color ele- 
ments is pre-assigned to each of the sub-pix- 8. 
els; and 45 
the control section displays a character on the 
display device by independently controlling the 
color elements respectively corresponding to 
the sub-pimls. 9. 

so 

2. A character display apparatus according to daim 1 . 
wherein: 

an intensity of each of the color elements is ia 
represented stepwise through a plurality of ss 
color element levels; 

each of the sub-pixels has one of the color ele- 
ment levels; and 11. 



the control section sets a color element level of 
at least one particular sub-pixel corresponding 
to a basic portion of a character to be displayed 
on the display device to a predetermined color 
element level, and sets a color element level of 
at least one other sub-pixel adjacent to the at 
least one particular si^-pixel corresponding to 
the basic portion of the character to a color ele- 
ment level other than the predetermined color 
element level. 

A character display apparatus according to claim 2. 
wherein the control section defines the basic por- 
tion of the character to be displayed on the display 
device based on an outline of a scaled character. 

A character display apparatus according to claim 2. 
wherein the control section defines tiie basic por- 
tion of the character to be displayed on the display 
device based on skeleton data which represents a 
sl^leton shape of tiie character 

A character display apparatus according to claim 4. 
wherein the control section scales the skeleton data 
according to a size of the character to be displayed 
on the display device, and adjusts a line width of tiie 
character after defining the basic portion of the 
character based on the scaled sMeton data. 

A character display apparatus according to claim 4, 
wherein the control section sets tiie color element 
level of the at least one other sub-pixel adjacent to 
the at least one particular sub-pixel corresponding 
to the basic portion of the character to the color ele- 
ment level other than the predetermined color ele- 
ment level based on at least one correction pattern. 

A character display apparatus according to claim 6, 
wherein the control section adjusts a line width of 
tiie character to be displayed on tiie display device 
by selectively using one of the at least one correc- 
tion pattem. 

A character display apparatus according to claim 6. 
wherein the at least one correction pattern Is pro- 
vided in advance according to a size of the charac- 
ter to be displayed on the display device. 

A character display apparatus according to claim 6. 
wherein the at least one correction pattern is pro- 
vided in advance so as to correspond to the skele- 
ton data. 

A character display apparatus according to daim 6. 
wherein tiie at least one connection pattern is pro- 
vided for each Chinese character radical. 

A character display apparatus according to claim 6, 
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wherein the at least one correction pattern is pro- 
vided in advance according to the number of 
strokes of the skeleton data. 



element level based on one of the typeface 
attribute tables which is selectively used 
according to a size of the character. 



12. A character display apparatus according to claim 6. 
wherein the at least one correction pattern is pro- 
vided In advance according to an inclination angle 
of a stroke of the skeleton data. 

13. A character display apparatus according to claim 6. 
wherein the at least one correction pattern is pro- 
vided in advance according to a distance between 
two portions of tiie basic portion of the character. 

1 4. A character display apparatus according to claim 6, 
wherein where an arrangement of the at least one 
particular sub-pixel corresponding to the basic por- 
tion of the character forms a particular pattern, the 
control section corrects tiie color element level of 
the at least one particular sub-pixel corresponding 
to the basic portion of the character so as to divide 
the basic portion of the character into at least two 
portions. 

1 5. A character display apparatus according to claim 4. 
wherein: 



5 18. A character display aiparatus according to claim 2. 
wherein tiie control section sets a color element 
level of at least one sub-pixel adjacent in the prede- 
termined direction to tiie at least one particular sub- 
pixel corresponding to the basic portion of the char- 

10 acter to a color element level otiier than the prede- 
termined color element level. 

19. A character display apparatus according to claim 2, 
wherein tiie control section sets a color element 

75 level of at least one sub-pixel adjacent in a direction 
perpendicular to the predetermined direction to the 
at least one particular sub-pixel corresponding to 
the basic portion of the character to a color element 
level other tiian the predetermined color element 

20 level. 

20. A character display apparatus according to claim 2, 
wherein the control section adjusts a line width of 
the character to be displayed on the display device 

25 by controlling the number of sub-pixels correspond- 
ing to tiie basic portion of the character. 



the skeleton data includes stroke information 
associated witii each stroke; 
tiie control section sets the color element level 
of the at least one sub-pixel to the color ele- 
ment level other than tiie predetermined color 
element level according to a shape of the 
stroke. 

1 6. A character display afsgaratus according to claim 4, 
wherein: 

the skeleton data includes stroke information 
associated with each stroke: 
the control section sets tiie color element level 
of the at least one sub-pixel to the color ele- 
ment level other than the predetermined color 
element level based on a typeface attribute 
table which defines a feature of the typeface of 
the character in association with the stroke 
information. 

17. A character display apparatus according to claim 
16, wherein: 

a plurality of typeface attrikxite tables are pro- 
vided which define the feature of the typeface 
of the character in association with the stroke 
information; and 

ttie control section sets tiie color element level 
of the at least one sub-pixel to the color ele- 
ment level other than tiie predetermined color 



21 . A character display apparatus according to claim 2. 
wherein tiie control section adjusts a line width of 
30 the character to be displayed on tiie display device 
by controlling a color element level of a sub-pixel 
, adjacent to the at least one particular sub-pixel cor- 
responding to the basic portion of tiie character. 

35 22. A character display apparatus according to claim 2; 
wherein the conti^ol section renders a feature of a 
typeface of the character to be displayed on tiie dis- 
play device by controlling a color element level of a 
sub-pixel adjacent to the at least one particular sub- 

40 ^ pixel con-esponding to tiie basic portion of the char- 
" acter. " 

23. A character display apparatus according to claim 2. 
wherein the control section sets the color element 

45 level of one or more of the at least one particular 
sub-pixel con-esponding to tiie basic portion of tiie 
character to be displayed on the display device to a 
color element level other than tiie maximum color 
element level. 

so 

24. A character display apparatus according to daim 
23. wherein the control section sets the color ele- 
ment level of the at least one particular sub-pixel 
con^esponding to the basic portion of the character 

55 based on a basic portion table. 

25. A character display apparatus according to claim 2, 
wherein the control section sets the cotor element 
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level of the at least one sub-pixel arranged in the 
vicinity of the at least one particular sub-pixel based 
on predetermined color element level information 
which is used to determine the color element level 
of the at least one sub-pixel arranged in the vicinity 5 
of the at least one particular sub-pixel correspond- 
ing to the basic portion of the character to be dis- 
played on the display device. 

26. A character display apparatus according to daim 1 , 10 
wherein the character to be displayed on the dis- 
play deWce has a color that is an achromatic color. 

27. A character display apparatus according to daim 1 . 
wherein the control section variably adjusts an is 
interval between characters by performing a sub- 
pixel by sub-pixel control on a position of the char- 
acter to be displayed on the display device. 

28. A character display apparatus according to claim 1 , 20 
wherein the control section converts the color ele- 
ment level of the sub-pixel to a brightness level 
based on a predetermined brightness table which 
defines a relationship between the color element 
level of the sub-pixel and the brightness level of the 25 
sub-pixel. 

29. A character display apparatus according to claim 
28. wherein the brightness table is prepared so as 

to be suitable for a display characteristic of the dis- 30 
play device. 

30. A character display apparatus according to daim 1 . 
wherein the control section displays a character 
while rotating the sub-pixel an^angement by 90 ss 
degrees. 

31 . A character display apparatus according to daim 1 . 
wherein the display device is a liquid crystal display 
device. 40 

32. A character display apparatus according to claim 
31 , wherein the liquid crystal display device is a 
stripe-type liquid crystal display device. 

45 

33. A character display method for displaying a charac- 
ter on a display device having a plurality of pixels, 
wherein: 



34. A recording medium which can be read by an infor- 
mation display apparatus, the apparatus compris- 
ing a display device having a plurality of pixels and 
a controlling section for controlling the display 
device, wherein: 

each of the pixels includes a plurality of sub- 
pixels arranged along a predetermined direc- 
tion; 

a corresponding one of a plurality of color ele- 
ments is pre-assigned to each of the sub-pix- 
els; and 

the recording medium has recorded thereon a 
program for instructing the control section to 
perform an operation of displaying a character 
on the display device by independentiy corrtrol- 
ling the color elements respectively corre- 
sponding to the sub-pixels. 



each of the pixels includes a plurality of sub- so 
pixels anranged along a predetermined direc- 
tion; and 

a corresponding one of a plurality of color ele- 
ments is pre-assigned to each of the sub-pix- 
els, the method conprising the step of: ss 
displaying a character on the display device by 
indeperxientiy controlling the color elements 
respectively conresponding to the sub-pixels. 
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